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Minced fish technology provides an opportunity fer ~o=e efficient 
utilisation of small under-utiliseci fish species. The effici3n~ 
utilisation of the enormous =esources ~f small ~elagic fish, particularly 
in developing countries, will lead t~ a significant imp~overnent ~n 
human nutrition in general and in ~=~~ein intake in ~a=ticula=· 
In the present study, whole uneviscerated sprat~ (Sorattus sprattus) 
were u:ilised to produce mince usir.g a Baader 6~4 flash/bo~e se~arator. 
The versatility and stability of the resul t·ing mince wa3 iilvest:.gated 
by exa~ining the nutritia~al, micro~iologicsl a~d sens~ry ~rc~e=ties 
cf the mince as incorporated into fish balls, where thg fish mince was 
the major ingredient, ana into fish sausages where the fish mince was 
used as a partial meat protein substitute ... ·The investigation s~udied 
the effects of ~re-cooking the raw material, and the effects of washi~g 
an fish mince quality and yield. 
Products produced from both unwashed and washed mince were found 
to have satisfactory shelf-lives, i.e. remained within acceptable 
micrabia~agical limits, for both chilled and frozen storase· 
Overall products manufactured from the washed mince when compared 
with those from the unwashed mince had sensory properties that are 
generally considered to be mare acceptable to the consumer, particularly 
in .developed countries where bland products are favoured. Howeve=, the 
washed mince has much higher production costs, and this should ~e taken 
into consideration in consumer testing, particularly in developing 
countries. 
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1. INT~DDUCTION 
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In many developing countries a large proportion of the population 
are inadequately nourished. The recent rapid growth in the world 
population, due to increased birth rate and life expectancy, requires 
a corresponding increase in the food supply. Also in many countries 
it is found that existing diets are frequently nutritionally unbalanced 
and in particular there is a shortage of protein in many diet regimes. 
An adequate and balanced protein intake can often be obtained by the 
addition of relatively small amounts of animal protein to diets in 
which plant derived foodstuffs predominate. 
Under-utilised species of fish are potential sources of 
inexpensive protein. Fish proteins are high in the essential amino 
acids and have a good amino acid profile for human requirement (MAff, 
1976). Fish accounts for about one per cent of the world's total food 
supply. Taking into consideration processing losses, this is equivalent 
to 3.4 g animal protein per capita daily for the whole world population 
varying from 0.1 to 13 g of protein per capita in different countries 
(finch, 1970; 1974). 
Since the total world fish catch seems to have reached a ceiling -
at least in the short term - of about 70-75 million metric tonnes 
(FAD, 1977 to 1981 ), increased supply of fish protein for human consump-
tion depends on better utilisation of the present catch (Disney, 1981 ). 
Fish species that are mainly used for fish meal production or discarded 
as by-catch may in the future be utilised directly for human food. 
Utilisation of fish is influenced by many interacting factors 
including: consumer preferences for fish species, seasonal variation, 
fish processing and distribution and, probably to an increasing extent, 
nutritional value. 
Preferences for species of fish ere determined by their availability 
and cost coupled with characteristics of the fish such as size, physical 
conformation (with respect to ease of handling and preparation), appear-
ance, flavour and texture. The significance of these factors may vary 
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considerably from cou.ntry ~a country and region to region. 
Seasonal variation occurs in supply of and demand for fish. 
Variation in supply is determined by factors such as spawning, 
migration and shoaling of different fish stocks and also by weather 
conditions, which can prevent fishing operations. In the U.5.A. for 
example 72% of the total fish catch is taken in the second and third 
quarters and similarly in West Germany from March to June an excess 
quantity of fish is caught in contrast to the deficits in the months 
of August to January (Borgstrom, 1962). In many tropical countries 
fish catches are much lower during rainy seasons. 
Seasonal ~ariation in demand has several causes. !n some countries 
there is less fish consumption in summer than in winter because the 
quality of fish is affected, or thought to be affected, by summer heat. 
Even when modern refrigeration and freezing have been introduced, the 
same traditional thinking persists and affects the utilisation pattern 
(Borgstrom, 1962). Religious practices, e.g. feastings and fastings,, 
create irregularity in the weekly and yearly demand for fish. 
Utilisation is strongly influenced by methods of processing and 
distribution. Modern preservation methods and equipment and advanced 
technology have made a.major impact on utilisation patterns. Fish was 
traditionally preserved by salting, drying, smoking and pickling, 
however, ice preservation, freezing and canning are now more commonly 
used, resulting in the.availability of an increased variety of products 
with longer shelf-lives. Although new products often meet wi~h consumer 
resistance, provided the quality and cost are carefully controlled, 
then this can in many cases be overcome. In developed countries more 
sophisticated preparations of fish, which are convenient for the 
consumers and packaged for improved displays, have become increasingly 
popular. For example, there is a world wide growth in the consumption 
of convenience foods such as fish fingers (fish sticks), and minced 
fish products, such as econo~y fish fingers and fish cakes (Whittle, 1982). 
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!n.developinq countries, products such as fish protein concentrate 
have met with much consumer resistance (Carpenter, 1580) and increased 
fish utilisation will probably depend an the production of low value 
products that are similar to traditionally accepted products. 
Regional differences exist between coastal and inland areas due 
to distribution problems, with, traditionally, coastal populations 
showing higher figures for fish consumption than inland areas. Improved 
preservation methods and distribution have tended to increase the 
consumption of inland regions, particularly of processed fish products 
(Borgstrom, 1962; Hess, 1961 ). 
Recent nutritional studies may eventually lead to more widespread 
acceptance for human consumption of many species of fatty pelagic fish 
which are at present almost exclusively reduced to fish meal e.g. 
menhaden (Brevoortia spp.), capelin (Mallotus villosus) and sprats 
(Sprattus sprattus). Diets in developed countries tend to be high in 
saturated fats and cholesterol due to the relatively high consumption 
of meat and dietary products. The growing incidence of coronary heart 
disease in the U.S.A. is thought to be associated in part with such 
dietary regimes (Carpenter, 1980). With its relatively high level of 
~nsaturated fatty acids, fish provides an excellent corrective factor 
in the diet. Recent clinical trials suggest that two specific 
unsaturated fatty acids found almost exclusively in fish lipid, an 
eicosapentaenoic acid and a docosahexaenoic acid (See fig. 1 ), are 
particularly important in lowering blood pressure and helping to 
prevent heart disease (Passwater, 1982). Hence, if the clinical trials 
are confirmed, an increase in the demand for fatty pelagic fish is 
envisaged. 
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cis-j,cis-B,cis-11,cis-14,cis-17-eicosapentaenoic acid (20:5w3) 
cis-41 cis-7,cis-10,cis-13,cis-16,cis-19-docosahexaenoic acid (22:6~3) 
Fig. 1 The eicosapentaenoic acid and docosahexaenoic acid 
i"' fish lipids 
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The investigation reported in this dissertation is concerned with 
utilisation for human food, in the form of minced fish products, of 
low value pelagic fish. The minced fish products were developed to be 
suitable for marketing in both a developed and developing country, 
i.e. the United Kingdom and the Philippines (the author's home country). 
The possibility of typical Philippine minced fish products being 
marketed in the U.K. and other developed 'cour>tries is also considered. 
Unlike in the U.K. where fish is relatively unimportant as a food 
source (Carpenter, 1980), the fishing industry is a major supplier of 
food in the Philippines, as in many developing countries. The total 
fish catch of the Philippines both in mari"ne and freshwater in 1980 was 
approximately 1.6 million metric tonnes compared with the U.K. (which 
has a similar population to the Philippines) which had a catch of 0.7 
million metric tonnes (FAD, 1981a). Fish supplies approximately 50% 
of the total animal protein intake in the Philippines (FAD, 1981b) 
compared with only about 10% in the U.K. (Carpenter, 1980). The per 
capita consumption of fish in the Philippines is between 30-40 kg which 
is high by world standards (Guevara, 1978; Espejo, 1980) however the 
rapidly increasing population of the country requires the maximum 
utilisation of fish resources (Juliano, 1980). 
Fish utilisation in the Philippines differs markedly from that in 
the U.K. with cured fish products being far more important (about 30% 
of the total catch) and frozen products and fish meal less important 
(Espejo, 1980). In general, more strongly flavoured fish products are 
preferred in the Philippines (as is found to be the case in many 
developing coun-tries), e ~g. fermented fish products and spiced products, 
compared with the more bland fish flavours traditionally favoured in 
the U.K. 
The fish species used in this investigation, the sprat (Sorattus 
sorattus)_ was chosen because it is a plentiful low value fish in U.K., 
being utilised mainly as fish meal, and because closely related clupeid 
species are plentiful and of low value in Philippine markets e.g. 
Sardinella spp. 
2. LITERATURE SURVEY 
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2.1 r4inced fish 
2.1 .1 Definition of minced fish 
The term "minced fish'' has never been defined exactly, however 
it is generally considered to mean flesh recovered from the fish 
carcass, usually in high yield and in a comminuted form, which is 
largely free from skin and bone and which is usually obtained using 
machines better known as flesh/bone separators or mechanical deboners 
(Keay, 1980). 
The Codex Alimentarius Committee on Fish and Fishery Products 
as cited by 9rooker (1980) includes a definition for minced fish 
flesh which states 
2 .1. 2 
''minced fish flesh used in the manufacture of 
blocks should be particles of skeletal muscle 
which have been separated and are essentially 
free from bones and skins.'' 
Develooment of minced fish technology 
The advent of minced fish and related fishery products in recent 
years has attracted considerable attention on the part of many major 
fish processors and government research laboratories throughout the 
world (Martin, 1972; Rodger .!l.i.sl·, 1980). Minced fish is of 
interest for the following reasons: firstly, there is a large quantity 
of mince raw materials available, e.g~ affcuts, frames and fish that are 
unattractive for direct human use, e.g. some small fatty fish·sPecies, 
and secondly, minced fish is relatively inexpensive to produce i.e. 
SO% cheaper than the corresponding price for fillets (Rodger~ _sl., 
1980). 
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A large quantity of many types of proteins are wasted today in 
terms of human consumotion because conventional processing methoCs 
are inadeouate to extract them (Wallyn, 1976). A vast 2mount of under 
utilised species of fish are not marketable as whole fish or fillets 
because of their size, high Proportion of bones and consum~rs' 
unfamiliarity, although many of them have excellent white flesh. 
Filleting has been used as a common method of fish precessing, however 
the percentage recovery of the flesh is quite low leaving a high 
amount of wastage. Filleting wastes, after the head and viscera are 
removed from the skeleton, may be over 50% of the meat {Regenstein, 
19eD). Despite the fact that this waste material is largely used for 
animal nutrition, it represents a significant loss of human food. The 
minced fish can be processed and converted into a variety of food 
products which may help provide the additional sea food products urgently 
required by a~ ever increasing populace. 
An important aspect of the use of minced fish is its value as raw 
material in the preparation of easy to prepare fish products (Kreuzer 
and Day, 1974). These products are likely to have increasing appeal 
to working housewives, etc., as trends toward increased use of 
convenience foods continue. 
Minced fish represents a significant advance in efforts aimed at 
improving utilisation of fish protein in human food (Murray et al., 1980) 
and an inexpensive source of quality protein for food provided it can 
be incorporated into acceptable products (Daley and Deng, 1978). 
2. 1. 3 Flesh/bone separation equipment 
The general principle of the flesh/bone separator is as follows: 
If high pressures are applied to meat/bone mixtures, then the soft meat 
tis.sues will "flow" and may be separated from the hard .bones fraction 
by passage through small holes or grooves in a metal drum. 
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A significant factor in the production of first class mince is 
the design of the flesh/bone separator. It is imoortant that during 
the separation of bane and flesh, the machine allows a minimum 
destruction of muscle fibre to retain a fibrous texture of minced 
flesh. It is essential that flesh/bone separation and its concomit-
ant technology are not used as a means of obs~uring intrinsic.lly 
poor quality in the.raw material (Keay, 1980). 
There are several types of flesh/bone separation eouipment, 
although two basic types are predominant, the ''internal feed'i or 
''high pressure'' machine and the "external feed'' or low pressure 
machine. 
2.1.3.1 ''Inter~al feed'' or ''high or~ssure'' machine 
The ''internal feed'' or ''high pressure'' machine is better known 
as the auger type, e.g. the Paoli separator (see Fig. 2). This is a 
complex although versatile machine usually used for recovery of 
flesh from mammalian and poultry carcasses (Miller, 1972, 1974, 1980; 
Wallyn, 1976). Flesh separation is obtained as follows: The 
flesh/bone mixture is first ground to reduce the materials to a 
consistent size before entering the separator. The reduced meat 
mixture is fed through the connecting tube into the top of the 
separator. It falls onto the surface of a grooved rotating cylinder 
and is drawn around between the cylinder and the cute= shell, where 
the soft meat tissues are combed and shredded off the harder bone 
connective tissue material •. In the course of rotation, the material 
is carried along to a restricting area, where the soft meat tissues 
are forced through micro-grooves into the interior of the cylinder. 
These grooves do not accept any hard materials such as bone,. cartilage, 
fins, scales or any perceptible materials. The residues remain on the 
outside of the cylinder. The .separated meat moves in the opposite 
direction inside the cylinder and is delivered through an outlet at 
the bottom of the shell. 
residues 
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feed 
l 
separated 
flesh 
grinder 
----
I 
outer shell containing 
grooved rotating 
cylinder 
~-----1 metre -----~ 
fig. 2 "Internal feed" or "high pressure" flesh/bone separator 
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The machine is c~aimed to produce a grit free product. A larger 
particle size is obtained when a larger separator opening is used, 
hence some very small perceptible particles can be obtained in the 
meat. The meat fibres are retained intact due. to the continuous 
slot formation of the passages in the cylinder. Although the product 
produced has.a remarkable degree of bindability, it has a paste-like 
consistency, which is only suitable for products like patties and 
hamburgers. 
2 •. 1.3.2 "External feed" or ''low oressure'' machine 
The second type is described as th~ ''external feed'' or ''low 
pressure" machine e.g. the Baader separator (see Fig. 3). This 
equipment is relatively simole in design and is widely used in fish 
processing (Dennis, 1.972; Ericksen, 1974; Drews, 1976, Francis and 
Davis, 1980). Th~ machine operates as follows. The flesh is sq~~ezed 
through the perforation of a cylinder by pressure applied to a rubber 
belt. The model extrudes the flesh using the mechanical principle of 
static pressure against a rotating perforated drum. The separator 
processes the meat on a continuous basis. The raw material is fed 
from a hopper to pass between a moving rubber belt and the outside of 
a revolving perforated drum of stainless steel. The flesh is forced 
through the perforations into the inside of the drum where it is 
expelled by a screw mechanism, Skin and bones retained on the outside 
of the drum are removed continuously by a scraper blade. The belt and 
drum are driven by a gear box at exactly the same speed to avoid 
grinding and tearing of the flesh. The pressure between the elastic 
belt and the drum can be adjusted with an eccentrically mounted roller 
to obtain maximum flesh recovery. Drums are available in 1, 2, 3, 5, 
8 and 10 millimetre diameter perforations, however the best results 
for fish products are obtained using the 3 or 5 mm drums. 
revolving 
perforated drum 
/ 
separated 
flesh 
··_(,.: .. ·, 
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feed 
residues 
~--------1 metre----------~ 
feed 
hopper 
Fig. 3 "External feed" or "low pressure" flesh/bone separator -
Baader 694 
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The Baader deboninq machine allows separation of bone and flesh 
with minimum destruction of the muscle fibre. Hence a high quality 
mince is obtained suitable for the manufacture of fish blocks or for 
incorporation into a variety of other food products. 
Operation of the Baader equipment is very simple and requires 
only one person to feed the raw material into the machine. A very 
important consideration of the machine is that it has no hidden 
corners where minced flesh could accumulate and remain conducive to 
the growth of bacteria whichwould eventually cause contamination of 
the products being minced. 
There are other types of flesh/bone separators available on the 
market, e.g. Bibun, Beehive, Yanagiya and the Meatmaker. The principle 
of operation of these machines is similar to either one or the other 
of the above mentioned pieces of equipment. 
2.1 .4 Percentaae recoveries of flesh 
Miyauchi and Steinberg (1970) obtained 37 to 60% yields (based 
on whole weights) from several different species .of demersal and 
pelagic fish passed (eviscerated and beheaded) through a Yanagiya 
"Miny" flesh/bone separator (equipped with a st~inless steel drum 
perforated with closely spaced holes 3.2 in diameter). By comparison 
conventional filleting gave 25-30% yields of intact flesh. 
Crawford si~· (1972) found that the total yield of mince from 
various species of pelagic and demersal fish (eviscerated and ceheaded) 
ranged from ~0.4-54% (based on whole weight~) using a Yanagiya "Miny" 
flesh/bone separator (equipped with a 3 mm perforated drum). Their 
results are given in Table 1 along with the filleting yields which 
vary from 27% to 31%. The extra flesh obtained on using the flesh/bone 
separator rather than filleting ranges from 12.4 to 27.5%. Lower yields 
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Table 1 Mince and fillet yields for several fish soecies 
(Crawford li .21·, 1972) ( 1 ) 
Species of fish 
Scientific name 
Percentage Yield( 2 ) 
Common name Mince Fillet Difference 
Orange rock fish Sebastodes einniaer 40.5 26 12.5 
Yellow rock fish Sebastodes flavidus 41.7 28 13.7 
English sole Parooh~ys retulus 45.7 33 12.7 
English sole ( 3) Pa;tO(;!hiVS .:etulu§ 47.3 33 14.3 
Dover sole r4icrostomus eacif-icus 48.5 27 21.5 
Dover sole 
( 3 ) 
Mi~Iostomu§ !25!£;ificus 54.5 27 27-50 
Pacific hake Merluccius oroductus 44.7 30 14.7 
Ling cod Oohiodon elongatus 48.1 35 1 3 • 1 
True cod Gadus macroceghalus 40.4 28 12.4 
( 1 ) Mince was obtained from samples 
and planked (split and opened) 
flesh/bone separator. 
that were eviscerated, beheaded 
before being passed through the 
(2) Yields are based on whole weights. 
(3) These samples were not planked before processing. 
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were obtained for the two samples that were not planked when compared 
with the planked sample of the same species. 
Finne~~· (1980) studied the percentage yield of six fresh 
and frozen (stored at -25°C for 4 weeks) non-traditional fin-fish 
species from the Gulf of Mexico which include: sheepshead 
( Archosargus probatocephalus), mu1let ( Mugil ceohalus), croaker 
(Microooaon undulatus), sand trout (Cvnoscion arenariusl, black drum 
(Pognia cromis) and Tilapia (Tilaoia spp,) passed through a Bibun 16 
flesh/bone separator with 3 mm drum. The yield of mince for fresh 
samples, ranged from 24-41;1, while for frozen samples 20-40%. Reseck 
and Waters (1979) as mentioned by Finne~~· (1980) reported yields 
from 33.3-51.6% when six different Gulf of Mexico species were processed 
using a Bibun flesh/bone separator with drum perforations of 5 mm. 
Finne~~· (1980) pointed out that the difference in yield on their 
study and that of Resech and Waters (1979) e.g. in croaker, may. be 
due to: a) poor quality of the fish having just completed spawning; 
b) the pilot plant equipment used in the study was less efficient 
than the laboratory model. 
Waters (1982) obtained a yield of 41% from minc~d spat (Leiostamus 
xanthurus) an under-utilised fin-fish (found in the coastal waters of 
south eastern U.S.A.) compared with 29% for hand fillets. 
King and Carver (1970) used a Bibun type of flesh/bone separator 
and obtained mince yields for eviscerated and beheaded fish of 65% to 
92.6% (based on wt. of eviscerated and beheaded fish). The fish 
species investigated included northern anchovy (Engraulis mordax), 
silver grey rock fish (Sebastades brevisoinis), porgy (Calamus sp.), 
etc. They also obtained mince from fish frames (filleting wastes) 
·from several species of fish including cod (~. morhua), pollock 
(Pollachius virensl, ocean perch (Sebastes marinus) etc. (see Table 2). 
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Table 2 Comoarison of fillet yield with yield of edible flesh obtained 
from filleting leftovers (King and Carver, 1970) 
%Yield( 1 ) 
Species of fish Fillets 
( 2) 
Hince from 
filleting 
Common name Scientific name wastes 
Cod G§dUS morhua 37 19 
Cod Gadus morhua 37 12 
Wolf fish Anarchichas lupus 34 20 
Cusk Brosme brosme 36 22 
Whiting Merluccius bilinearis 48 17 
Pollock Pollachius virens 40 1 8 
Pollock Pollachius v irens 38 20 
Haddock i\1elanogrammus 40 1 7 
aeglifinus 
Yellowtail Limanda fe!;:;!;:Ugines 34 16 
flounder 
Ocean perch Seba~tes marinus 30 19 
Ocean perch Sebastes·marinus 25 20 
(1) Based on eviscerated fish except for the yellowtail flounder and 
ocean perch samples when it is based on the whole fish. 
(2) Skin off fillets. 
Fillets 
mince 
56 
49 
54 
58 
55 
58 
58 
57 
50 
49 
45 
+ 
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The results indicate that a considerable percentage of edible flesh 
(which would otherwise be wasted or used for fish meal) can be 
recovered from filleting wastes. 
In a study of various lean fish, Ravinchander and Keay (1976) 
demonstrated that substantial recoveries of flesh in the form of 
mince could be obtained from trimmings and backbone materials. Total 
recoveries recorded were 12% from cod (~. morhua), 15% from haddock 
(Melanogrammus aeglefinusl, 13% from saithe (Pollachius virens) and 
9% from plaice (Pleuronectes platessa). Miller (1980) using a Paoli 
separator on fish waste reported mince yields (based on weight of 
waste material fed into separator) of 74-91% from headless and 
eviscerated fish and 40-60% from fish frames after filleting. 
Bigueras (1981) used a Baader 694 flesh/bone separator to 
investigate the relative efficiencies of separation and percentage 
recoveries from headed and eviscerated cod (~. morhua) and mackerel 
~· scombrus). Using two sizes of drum perforations, the author found 
that the 3 mm drum geve higher percentage yield recoveries compared 
with a 5 mm drum for cod and mackerel samples. The mince yields of 
mackerel and cod gave average of 84% and 77% respectively (based on 
whole weight) using a 3 mm drum. On the other hand with 5 mm drum 
perforations mince yields of 80% and 76% respectively were obtained for 
mackerel and cod samples. The higher yields using the 3 mm drum are 
thought to be a function of the relative cutting area available for 
scraping the fish flesh off the bones, (i.e. 3 mm drum total cutting 
surface 4,524 em as compared with that of the 5 mm drum with only 
3,770 em). The raw material is easily extruded in the 3 mm drum, 
while on the 5 mm, flesh adheres to the perforations resulting in 
lower recoveries. Drews (1976) states that the perforation pattern 
and the ratio of perforations to the solid surface area can influence 
the wmount of ~ones passing through as well as the structure of the 
- 17 -
minced flesh. The texture of the minced fish is improved with an 
increase of the proportion of the open surfaces. However, yield and 
bane retention will be considerably lower. The yield is reduced 
because same flesh that is just facing the hales will stay attached 
to the banes. With an increase of the solid surface the yield 
improves because the mince is flawing a little mare sideways and 
being sheared off the banes. 
Dhatemwa (1981) determined the mince yields obtained an passing 
whale fish through a Baader 694 separator compared with the eviscerated, 
beheaded fish. He reported far whale Haplachramis spp. average mince 
yields of 69.f/ofar 3 mm drum and 63.~far 5 mm drum and 37.7% for 
eviscerated and beheaded fish using the 3 mm drum. However there 
were problems with parasites in the mince far ungutt.ed fish as 
discussed below. 
2 .1. 5 Nutritional value of minced fish and minced fish oroducts 
Fish is characterised by its high nutritional quality, i.e. high 
in proteins and essential amino acids and rich in minerals and 
vitamins (Sidwell, 1978, 1980; Stram, 1977) comparable with egg, milk 
and meat ( Guha, 1961 ) • 
Fish proteins are highly digestible and have a good balance of 
amino acids being particularly high in lysine, which is deficient in 
plant-derived foodstuffs. Fish lipids contain the polyunsaturated 
fatty acids linoleic and arachidonic acids, which are needed far the 
maintenance of normal body functions, and large amounts of eicosapent-
aenaic acid (C20:5~3) and dacasahexaenaic acid (C22:6w)) which may be 
of value in preventing heart disease (Passwater, 1982). Fish muscle 
contains significant amounts of minerals of nutritional importance, 
such as sodium, potassium, calcium, phosphorus, magnesium and is a 
particularly important source of iodine (Sidwell, 1978). 
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The increasin~ use of mechanically separated fish flesh in 
restructured fish products demands ample attention as regards the 
nutritional, bacteriological and ge~eral quality changes which occur 
during processing and storage (Lee and Toledo, 1977). When the fish 
flesh is minced, v~rious chemical interactions take place which 
consequently affect appearance, texture, taste and flavour (S~dwell, 
1980). There is also a very rapid bacteriological deterioration of 
mechanically deboned fish (Babbit, 1972; King. 1972; Miyauchi, 1972; 
and Lee and Toledo, 19771. 
Lipid breakdown occurs by two mechanisms: hydrolysis, resulting 
in an increase in free fatty acids, and oxidation leading tO rancid 
flavours. Mai and Kinsella (1979) studied the changes in lipid 
composition of cooked minced carp (Cyorinus caroio) during frozen 
storage. Minced carp tissue was cooked by baking and deep fat frying 
and then stored for a period of 8 weeks at -18°C. The results showed 
an increase in free fatty acids and a decrease in phospholipids level 
when stored at this temperature. The composition of the fatty acids 
during the frozen storage period remained unchanged. The nutritional 
value is not changed by hydrolysis since the only change that occurs 
is the cleavage of triglycerides (and phospholipids) to give free 
fatty acids, diglycerides, monoglycerides, etc. 
A very significant attribute of fishery products· is the presence 
of a relatively high amount of polyunsaturated fatty acids which 
causes storage problems due to their relatively rapid oxidation to give 
rancid products. The nutritional quality can be affected by lipid 
oxidation which degrades in particular the nutritionally important 
polyunsaturated fatty acids. The other unsaturated lipid compounds 
affected are carotenes, vitamins A and D and tocopherols hence, a 
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further reduction ~n the nutritional value (Sidwell, 1980). The 
oxidation of unsaturated lipids is characterised by a continuous 
reaction which cannot be prevented even with the use of antio~idants~ 
The presence of antioxidants simply reduces the speed of reaction, 
which is basically influenced by the degree of unsaturation of the 
lipids, temperature, irradiation, light, metallic ions and the amounts 
of hydroperoxide (Kirk, 1979; Sidwell, 1980; Labuza, 1971). 
Oxidative reactions are accelerated by the mincing process 
because of the increased surface area and because metal ions which 
catalyse lipid oxidation are brought into intimate contact with the 
lipid material (Hardy, 1980). Castell (1971) noted copper, iron and 
vanadium as active catalysts and observed that cadmium, cobalt and 
zinc were especially effective in fatty fish. The effect of heavy 
metal ions on lipid oxidation was found to vary according to species. 
An important finding by Lee and Toledo (1977), which affects the 
instability of lipids in the fish, was the equipment used in processing. 
The study indicated an increase in the rate of oxidation due to the 
contact of the fish flesh with the iron plates of the flesh/bone 
separator. This was exemplified by higher thiobarbituric acid (TEA) 
values obtained and a darker colour of the minced samples over a 
prolonged storag~ period. 
Washing is usually advocated to improve the colour of mince from 
dark flesh spe~ies. It is also recommended to wash the mince to remove 
the soluble constituent such as the haemoproteins, myoglobin and 
haemoglobin which catalyses oxidative rancidity. Considerable losses 
of soluble proteins, lipid substances and some vitamins and minerals, 
however are thought to be incurred during the washing operation, aside 
from the losses of pigment bodies, scales and pieces of skin and bone. 
Adu (1976) as cited by .Sidwell (1980) found a significant 
decrease in crude protein in washed minced rock fish based an wet 
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material. The lass was attributed to the increased water retention 
and lass of ather components during the washing operation. On the 
ather hand, based an the dried material, the analysis showed a marked 
increase in the per cent protein content of the washed mince as 
against the unwashed, 90.4% and 80.1% respectively. A considerable 
decrease in the mineral and lipid substances was observed however. 
The quality of the protein was found to be approximately the 
same for fish fillets and washed and unwashed minced fish flesh 
except for cysteine and histidine which were slightly lower in the 
minced samples. 
Based on this same study, by comparing th~ mineral composition 
of unwashed and washed rock fish, a large increase in iron, zinc and 
chromium from the washed samples was obtained and a decrease in the 
amounts of other minerals. It was postulated that the increases were 
due to: a) possible attachment of the metallic ions with a protein 
molecule insoluble in water and b) high amounts of the minerals 
were present in the tap water used, hence they became an integral part 
of the minced fish in the washing process. 
Sidwell (1980) noted that in the study made by Choy (1974) the 
proximate analysis of the fillet and mechanically separated flesh 
from croaker or pollack was almost the same. The amino acid pattern 
of the muscle protein in the fish compared well with the average .values 
obtained by F AOhiHO recommended pattern. 
Crawford~ al. (1972) studied the yield and nutritional character-
istics of whole comminuted carcass waste versus carcass waste which was 
machine separated into flesh and bone skin fractions for six marine 
species of fish. The results showed that the machine separated fractions 
were nutritionally superior compared with whole carcass waste material. 
An average PER (protein efficiency ratio i.e. weight gain/protein intake) 
value of 3.22 far the machine separated fish flesh fraction and 2.7 
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for the whale carcass waste were obtained. From all the six species 
investigated PER values from machine separated flesh fractions were 
significantly higher (p 40.05) than those far whale carcass wastes. 
The quality of the protein in the flesh fraction of five of the six 
was also·significantly (p~0.05) superior to the casein reference. 
Extensive studies of formed minced fish products are quite 
limited. Ouyang (1976) as mentioned by Sidwell (1980) evaluated the 
nutritiaiTal quality of fish sticks made from minced pollack and cad. 
These products when analysed were found to be nutritionally as goad as 
similar products made with TVP (textured vegetable protein) and casein 
the reference protein. 
Del Valle~~· (1976) evaluated the composition and nutritive 
value of the protein quality of the fish product which was found to 
be quite similar to casein, with a PER 3.6 for the fish cake; compared 
with 3.3 for casein. 
There appears to be no evidence that fish products manufactured 
from minced fish are nutritionally inferior to similar products formed 
from fish fillet or similar materials. 
2.1 .6 Microbiological quality of mince. 
The number of bacteria 
part, i.e. on the skin from 
on the 
10 2 to 
free 
106 
swimming fish vary for each 
per cm3 , on the gills from 103 
to 105 per g and in the intestine from very few in non-feeding fish 
to 107 or mare per g in feeding fish. Bacteria found in fish are 
predominantly psychrophilic, sea-water laving, aerobic and attack 
proteinaceous material mare actively than carbohydrates (Liston 
~ al. • 1963; Liston·, 1980). 
Licciardella (1980) describes the flesh of fish as more perishable 
than the meat of terrestial animals due to some characteristics 
favourable to the growth of bacteria: a) fish have a moist surface; 
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b) compared to red meat, the pH of fish flesh is relatively high 
after death; c) the natural microbial flora generally consists of 
psychrotrophic bacteria which are capable of growth at normal 
refrigeration temperatures. 
Mechanically separated mince is widely used to make up to 15% of 
the w9ight of frozen blocks of fillets. Minced fish produced in 
simple blocks or in more complex formulated products are highly 
susceptible to bacterial spoilage. The bacterial quality of the 
mince reflects the quality of ~he fish used (Cann and Taylor, 1976). 
The mincing process destroys the structural integrity of the 
whole fish, increases the surface area of the flesh and permits the 
distribution of bacteria throughout the minced fish. The maceration 
of tissues increases the rate of reaction which releases the cellular 
materials, rich in nutrients (amino acids, vitamins, etc.) hence making 
the minced fish a better medium for bacterial growth than the intact 
flesh (Cann and Taylor, 1976; Raccach and Baker, 1978; "Licciardello, 
1980). 
It is very important that only raw materials of goad quality 
should be used. The mincing operation should not be used as a means 
to salvage deteriorating fish (Licciardello, 1980). 
The nature of the mincing process affords ample opportunity for 
increased microbial content of the finished product unless good 
manufacturing practices (GMP) are strictly observed. It is essential 
to wash the headed and gutted fish before mincing and wash frequently 
all the equipment during the operation (Lanier and Thomas, 1978). 
Blackwood (1974) made a study on the microbiological quality of 
minced fish in two processing plants. The first plant employed GMP, 
i.e. good quality raw material, clean and sanitized. equipment, proper 
freezing techniques, etc. The second plant did not observe GMP, i.e. 
raw materials used with blood and bruises, the equipment not thoroughly 
cleaned, inadequate freezing, etc. The average counts obtained for 
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the first plant was 6. 7 x 10 per g and for the second plan.t 1 .5 x 1 0 
per g. The faecal coliforms were also much higher in the second 
plant. 
Cann and Taylor (1976) measured the bacterial count on fillets 
and mince prepared from fish stored in ice for 0, ·4 and 12 days. 
They found that there was no significant differences (p~0.05) 
between the counts of control fillets and minced fillets at comparable 
stages of storage. Minces produced from trimmings, frames and backbones 
however provided minces of lower bacteriological quality, in that 
order. 
Babbit ~ Al· (1974) compared bacterial counts of mince made from 
either the headed and gutted fish, the fillets or the frames of rock-
fish, hake, English sole •nd ling cod. Highest counts were obtained 
fro~ the mince from frames, while the mince from fillets have lower 
counts. Bond (1975) has the opinion that the quality of mince produced 
from frames is highly dependent on adequate refrigeration and sanitary 
and expeditious handling. He stressed further that higher bacterial 
counts in mince from frames reflects difficulty in the maintenance of 
the GMPs. 
Martin (1970) believes that a high quality mince depends not only 
on sanitary condition of the machin·es but also in the entire processing 
line, i.e. washers, scalers, heading and gutting machine, conveyors, 
etc. Nickelson ~ al. ( 1980) investigated the bacteriological content 
of the flesh of six traditional Mexican fin-fish converted into minced 
fish. They observed that in general the counts remained the same after 
scaling and gutting and increased after mincing, A reduction. in the 
plate count of the mince was obtained after freezing. 
Best (1981) compared mince produced from gutted and ungutted 
sprats (~. sprattus) and found slightly higher TVCs in the mince from 
the gutted ·fish. Two possible explanations put forward were: a) the 
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lower pH; b) possibly due to contamination during gutting. 
Licciardella (1980) detected coagulase positive Staohylococci 
in 208 minced blocks but the maximum counts did nat exceed 24 per g. 
Cann and Taylor (1976), Crabb and Griffiths (1976) and Nickelson 
£1 sl· (1960) also reported law~. aureus counts in minced fish. The 
presence of Salmonella are nat detected in 50 g sample taken fro~ any 
blacks (Licciardella, 1980). These findings indicate that micra-
organisms of public health significance are not a problem in minced 
fish. 
Washing the mince was found by some authors to reduce its 
microbial load. Amana (1971) found that several cold water washings 
of the mince for surimi production decrease the bacterial numbers of 
the mince. King (1973) similarly reported a reduction in the bacterial 
count of washed mince. 
2 .1 • 7 Use of additives in minced fish and minced fish products 
Effective utilisation of proteins from the sea can only be 
achieved by maximum exploitation of modern food technology including 
the use of suitable food additives (Wylie, 1976). Food additives have 
a vital role on the processing, manufacturing, packaging and transport- 1 
ing of food. It allows a variety of easy to prepare foods that the 
modern world requires for the maintenance of goad nutrition (Hall, 1978). 
The use of food additives is now accepted as an important aspect in 
the processing of fish and fishery products. 
2.1.7 .1 Hydrocolloid materials 
Hydrocollaids are functional food ingredients which are extensively 
used in the food industry. They serve a number of functions, i.e. 
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thickening, stabilisation, gelation, protein reactivity, emulsification, 
water binding and extension, which are very significant in most 
minced fish products (Clark, 1980). 
Far example, alginates are widely used as food additives in 
fabricated products because of their unique gelation properties. 
Al~inic acid is a linear polysaccharide consisting of (1-4) linked 
~-0-mannuronic and a-L-guluranic acid units (see Fig. 4) the 
proportion and arrangement of which is dependent mainly upon the 
original species of seaweeds from where it is produced. Alginates 
shaw colloidal and film farming effects aside from their thickening 
and water binding properties (Wylie, 1976). A very important character-
istic of algin gels is that they are thermally irreversible; i.e. 
once formed, heating or cooking will nat cause them to melt. This 
makes the algin gel system highly useful for fabricated products 
(Clark, 1980). 
Sodium alginate is widely used to bind chapped pieces of material 
together. Alginate should be added along with any dry ingredients 
to prevent lumping, or as a presolution using th~ water of the 
formulation. Calcium sequestrant is usually added to prevent premature 
gelling of the alginate. Algin is suitable for species of fish with 
poor binding characteristics. 
Wylie (1976) studied methods of improving the water holding 
capacity and minimising the textural changes in fish during processing 
and storage. He investigated the effect of increasing levels of 
sodium alginate (0.1 to 0.5~) in the presence of 1% salt on minced 
haddock fillets stared for 24 hours at -20°C. The results showed a 
p.ragressive softening effect aver the concentration range 0.1 to 0.5%. 
Deng and Tomaszewski (1980) investigated the use of response 
surface methodology to determine the effect of salt, tripolyphosphate 
and sodium alginate on the ~uality of fish patties prepared from 
Atlantic croaker (Micropogon undulatus) mince. The results showed that 
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HO 
~-D-mannuronic acid 
H 
~-L-guluronic acid 
Fig~ 4 Uronic acid components of alginates 
The carboxyl groups are present normally in ~he 
ionised form, e.g. in sodium· alginates. 
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sodium alginate (Na Alg) was the primary factor affecting the texture 
of fish patties. It was found to be the mast significant factor 
(p; 0.01) which affected both· breaking force and the panel evaluation 
of firmness. With an increase i~ Na Alg a decrease in the breaking 
force or firmness was observed. There was a high positive correlation 
(r; 0.939) between the breaking force and the panellists' evaluation 
of texture (firmness). Hence, breaking force may be used to determine 
the texture preference. 
Sorenson (1980) using Na Alg found no significant effect on the 
biochemical changes on separated minced cod. He noted that the treated 
samples were very soft. In subsequent storage trials however, 
considerable increases in both elasticity and toughness were observed. 
There are other widely used hydrocolloids which function as 
stabilising agents, emulsifiers, water binders, etc., that are either 
manufactured by chemical modification of cellulase fibres, e.g. 
carboxy methy1cel1ulose, or derived from plants e.g. Tragacanth, Guar 
gum, Locust bean gum or by microbial fermentation, e.g •. Xanthan gum, 
which is produced by the bacterium (Xanthomonas cempestris). 
2.1.7.2 Polyohosohates 
Poiyphosphates have been used for many years in white fish and 
shellfish processing, primarily for reduction of drip loss. Their 
properties of binding and texturising are particularly important in 
comminuted fish flesh products (Bennett, 1976). 
Poiyphosphates are the salts.commercially normally sodium salts, 
of a series of phosphorous oxyacids with general formula H20(PO H) 3 n 
(see Fig. S). Orthophosphoric acid containing one phosphorus, 
starts the .series .f.ol-lowed. by pyrophosphoric acid,· which contains two 
0 
II 
HO-P...I)H 
I 
OH 
0 0 
II II 
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OH OH 
0 0 ·0 
II II II 
HO-P-1)-P-1)-P...I)H 
I I I 
OH OH OH 
general polyphosphoric acid s~ructure 
Fig. 5 Chemical structures of orthophosphoric and 
polyphosphoric acids 
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phosphorus atoms, and tripolyphosphoric acid with three phosphorus 
atoms. Hexametaphosphcric acid is a mixture of linear polyphosphates 
containing 10-15 units. Chains of three or more units can link to 
form· cyclic metaphosphates. 
Several commercial polyphosphate preparations can be obtained 
irr solid or in solution forms, for use with fish, meat, poultry and 
various other foods. In fish processing, the polyphosphates used 
are generally based on tripolyphosphate. 
Polyphosphates are used in texturising fish minces for optimum 
utilisation especially in· certain under-utilised species whose initial 
textural properties are inferior. Hydration is of significant 
economic consideration. because it affects the eating quality of the 
product. Stabilisation of a suitable water content for improved 
quality of the product can be achieved by the use of polyphosphates. 
Its sequestrant action helps in the oxidative stability of minced 
fish by the removal of traces of metal ions which induces oxidation. 
Addition of polyphosphate during hydrogen peroxide treatment is 
effective in improving the bleaching effect in mince from skeletal 
stripping of cod. This can be ascribed to the sequestration cf iron 
released from the blood by the oxidising agent (Bennett, 1976). 
Steinberg (1972) cited the potential use of tripolyphosphate to 
improve succulence in minced fish by. the improvement of the natural 
water holding capacity of the proteins. A problem particularly 
encountered in minced flesh is loss of water holding capacity because 
the disrupted gel system is more prone to denaturatiorr. 
Miyauchi £1 ~· (1972) observed that retention of the nntural 
juices in cooked minced fish is possible with the use of.sodium tri-
polyphosphate. Cobb and Yeh (1974) showed that certain ortho-
phosphates improved the texture of minced croaker. 
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Polyphosphates have been used in the production of the Japanese 
minced fish material surimi to improve and extend shelf-life storage. 
Tanikawa £1 al· (1969) studied the addition of starches, casein, and 
a variety of other agents to decrease thaw drip and improve elasticity 
of surimi. Their findings showed that a combination of sugar and 
polyphosphate minimised protein denaturation and helped maintain high 
quality of the product. Polyphosphates are used in kamaboko products 
to extract myofibrillar protein and improve elasticity (Okada et sl·• 
1973) • 
Brotsky and Swartz (1980} stated that the polyphosphate action 
on fish can be classified as either protein interaction or antiaxidation. 
In general polyphosphateshave been found to affect protein gel structure 
in three ways: 1} pH effect; 2} ionic strength effect; and 
3} specific protein interaction. 
Interaction of fish proteins with polyphosphates involves chelation 
with various cations which cause. protein aggregation. The chewy 
texture that develops is attributed to the clumping of the protein 
during frozen storage (Buttkus, 1974}. Regenstein and Stamm (1979) 
believed that protein hydration increases with.the interaction of 
polyphosphate with the membranes surrounding the protein, instead of 
direct reaction with the protein. 
Brotsky and Swartz (1980} reported two blended products specific-
ally produced by Stauffer Chemical Company, for maintaining fresh quality 
in minced products •. The first, known as FREEZ-GARD FP-88E is a 
combination· of sodium· hexametaphosphate, salt and sodium erythorbate 
and is a neutral product. A redox type antioxidant, sodium erythor-
bate· complements the catalytic antioxidation maintained by hexameta-
phosphate. The proper ionic strength is provided by the presence of 
salt. Although tripolyphosphate is considered as the most efficient 
polyphosphate for thaw drip reduction, a mixture of salt and metaphosphate 
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can be as effective and is pref~rred for some products. The secGnd 
knmvn as LEM-0-FOS is a chemical hydrate of .tripolyphosphate and 
lemon juice solids. Due to its alkaline property it is an effective 
binding matrix in forming minced fish (King~ £1., 1974). Gallagher 
(1963) stated that the antioxidant protection provided by poly-
phosphate is complemented by the lemon juice solids because of the 
inherent antioxidants present in the natural flavonoid compounds 
in these solids. 
Polyphosphates are considered as important additives because 
of their unique functional and stabilising quality for minced fish. 
It is anticipated that they will be a major ingredient in the 
formulation of many novel minced fish consumer products. 
2.1.7~3 Antioxidants 
Antioxidants are used to retard or prevent the development of 
oxidative rancidity in oils and fats. Antioxidants are not designed 
to enhance a product of mediocre quality, but should be used with 
good raw materials, correct processes and proper packaging and storage 
~onditions to provide quality products (Stuckey, 1968). The uie of 
antioxidants in mast fish products has not been very successful from 
a commercial standpoint. This has been attributed to: 1) the 
highly unsaturated nature of fish lipid; 2) the presence of natural 
catalysts (such as haem pigment in many fish products); 3) in some 
instances, inadequate methods of application (Stuckey, 1968). 
Antioxidants can be considered as being one of three major types: 
the radical terminators, metal chelatars and the oxygen scaver.gers. 
Radical terminators react with radicals formed as intermediates 
during lipid oxidation giving stable unreactive products. This 
interrupts the chain reaction stage of lipid oxidation leading to a 
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decreased rate of reaction. There are a number of antioxidants of the 
rad~cal terminator type used in the food industry, tocopherolE being 
the most important class of naturally occurring compounds with 
a-tocopherol being the most impor+.ant of the class. Tocopherols are 
light yellow oi·ls which are fat soluble due to their long hydrocarbon 
side chains {Fig. 6). Tocopherols are easily degraded by heat 
particularly at temperatures employed in refining and processing 
vegetable fats. 
Synthetic radical terminators used in direct applications 
include: butylated hydroxyanisole {BHA), butylated hydroxytoluene 
{BHT), propyl gallate {PG), nordihydroguaiaretic acid 
tert-butyl hydroxyquinone {TBHQ) {see Fig. 6) {Stuckey, 1968). 
Heavy metal ions particularly copper and iron, are important 
catalysts of lipid oxidation even in concentrations as low as 
parts per billion. These catalysts may affect the stability of fats. 
Traces of such metals can often be rendered ineffective as catalysts 
by combining them chemically with chelating agents such as citric or 
tartaric acids {and their salts), polyphosphates, EDTA, lecithin, etc. 
Thw presence of oxygen is necessary for lipid oxidation to occur. 
Oxygen scavengers retard lipid oxidation by reacting with oxygen in 
the foodstuff. Examplesinclude, ascorbic acid and its fatty acid 
esters such as ascorbyl palmitate and ascorbyl stearate. Sodium 
erythorbate {a diastereoisomer of ascorbate) is also a redox type 
of antioxidant •. 
Rancidity is a major problem in frozen minced fish. Bligh and 
Regier {1976) claimed that addition of antioxidants can be very 
effective in retarding rancidity in minced mackerel. Their results 
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Fig. 6 Natural and synthetic antioxidants 
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showed that TBHQ was more effective than BHA in preventing rancidity 
in minced mackerel. 
Moledina tl.!!l•, ( 1977) studied the effect of sodium EDTA and 
''Kena'' (a commercial mixture of sodium polyphosphate and sodium hexa-
metaphosphate) on minced flounder. He claimed that a one minute dip 
of flounder meat before mincing in a pH 4.5 solution of 0.5 of Na EDTA 
and ''Kena'', then a post mincing of 0.3~ each of ascorbic acid and citric 
acid and 0.2% each of "Kena'' and EDTA was highly effective in minimizing 
undesirable changes in minced flounder. Miyauchi (1972) was able to 
inhibit rancidity in minced block rock fish during frozen storage (at 
-18°C) by the use of an antioxidant mixture of 0.006% butyl hydroxy-
anisole (BHA) and butyl hydroxytoluene (BHT). 
Licciardello tl §1. (1982) investigated the efficiency of several 
antioxidants in the flavour stabilisation of frozen minced whiting 
(Merluccius bilinearis). The antioxidant treatments used include: 
a) SOD ppm sodium EDTA; b) 0.84% FP-BBE (Freez-Gard); c) 0.15% 
sodium erythorbate; d) 15 or 75 ppm Tenox A (EHA + citric acid in 
propylene glycol); e) 30 or 150 ppm Tenox 5-1 (propyl gallate+ 
citric acid in propylene glycol). There were two different control 
samples made: the first one was minced whiting with no other treatment 
and the other controL was minced whiting subjected to a 3 minute water 
spray mixing process to establish the effect of agitation on the rancid-
ity development. A final test sample had incorporated 0.5% crab season-
ing, (Baitimore Spices Co.) and 3.2% dry textured vegetable protein. 
The minced treated fish were formed into blocks. The large block was 
cut into sticks, battered/breaded, blanched for 30 seconds in vegetable 
0 . 0 
oil at 400 F, frozen, packaged in waxboard cartons and stored at -6.7 C. 
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The results of the experiment showed that on the basis of four 
parameters used i.e. induction period; time to reach a peroxide 
value of 5; a TEA number of 5 and a flavour score of 3, the most 
effective flavour stabilising treatments were 0 -15fo erythorbate ;c 
150 ppm Tenox 20 (TBHQ +citric acid in propylene glycol); 150 ppm 
Tenox S-1 and 0.84% FP88 E. The phenolic antioxidants were found to 
be ineffective at the maximum permissible level but were more effective 
at five times that concentration. At the level used, EDTA was found 
to have a pro-oxidant effect which may be due to the formation of 
complexes with increased catalytic activity. From a practical stand-
point, among the antioxidants tested, erythorbate and FP-88E were 
observed as the most effective. 
Banasihan (1981) studied the effect of a commercial antioxidant 
Roche Ronoxan D20 (citric acid + ascorbyl palmitate + tocopherols) 
on minced sprat. The results showed a slight inhibitory effect of 
rancidity development of samples stored at -30°C and 5°C. 
Hiremath (1973) observed that the use of specific antioxidants 
can be dependent on the species of fish and season and hence different 
combinations are required for different applications. 
2.1.7.4 Other additives 
Other additives that have been used in minced fish and minced 
fish products include textured soy proteins or soy protein isolates 
(Decker tl.sl•, 1980; Deurch, 1980; Williams and Bacus, 1980; 
Sorenson, 1980) sodium pyruvates (Tran, 1975; Sorenson, 1980) 
Na Cl, CaHPO, sugar, starch and egg albumin (Cobb III and Yeh, 1974; 
Decker .tl .a.J,.., 1980). 
Yasumatsu et .s.J... (1972) in his studies found a good correlation 
between breaking force and sensory textural scores of kamaboko made 
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with various soy products. Decker~~· (1980) investigated the 
effect of surimi replacement with isolated soy protein upon the 
texture and colour of kamaboko - a Japanese minced fish product. The 
results shewed that the texture and whiteness · index values decreased 
as the level of surimi replacement was increased. The softening effect 
of the soy protein isolate on the product was found to be dependent 
upon the functionality of the replaced surimi. Motohiro and Nakamura 
(1978) stated that the effects of isolate upon texture depends highly 
upon the type of product. They had the opinion that kamaboko with 2~ 
isolate and chikuwa and satsumaage with 3% isolate can be prepared with 
no detectable difference from their traditional counterparts. Sao ~ al. 
(1976) and Du-Yang ~ al. (1977), as cited by Deurch (1980) developed 
fish sticks product using minced, textured soy protein and other ingred-
ients with high nutritive value. Daley and Deng (1978) formulated a 
sausage-like product using minced mullet, textured soy flour and liquid 
smoke flavouring. 
Decker~~· (1980) believed that the role of isclated protein 
in the U.S.A. is to contribute to the quality of the raw materials =ather 
than to maintain the quality of the traditional products in comparison 
with that of Japan. 
Cobb III and Yeh (·1974) studied the effect of additives such as 
NaCl, CaHPD , sugar, egg albumin and starch on the texture and taste 
. 4 
of Atlantic croaker (Micropogon undulatus) patties. The results showed 
that the firmness of croaker patties increased as the concentration of 
the NaCl was increased. The panellists showed preference for patties 
with 2% salt. \H th the use of CaHPO 4 , firmness was found to be greater 
at 80°C compared with that at room temperature. CaHPD4 was not as 
effective as NaCl in improving the taste and an excess of 3% level 
imparted a bland taste o~ the patties. The use of sugar slightly 
improved the texture of the patties. However, a too sweet flavour was 
obtained when the sugar added. exceeded 2% level. The addition of egg 
albumin was observed to be very effective in improving the texture of 
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croaker patties compared with other additives. The optimum level of 
egg albumin was found to be at 2%. With starch, an initial decrease in 
firmness was noted upon its addition. A progressive increase in the 
firmness of patties was observed with increasing starch concentration. 
The initial firmness was regained at 6% level. Starch was found to 
reduce the ''rubbery'' texture of washed croaker. 
Tanikawa (1971); Okada~ £1. (1973) and Decker and Holt (1980) 
stated that in the three products popularly consumed in Japan, namely, 
kamaboko, chikuwa and satsumaage, common ingredients and 'additives 
-include, surimi, salt, starch, egg white, monosodium glutamate and a 
rice wine called "mirin". The products are usually white on the inside 
and are characterised by high elastic texture. 
Trans (1975) reported that sodium pyruvate prevented loss of SEP 
(salt extractable proteins) and reduced toughness.in cod fillets. 
Sorenson (1980) studied the effect of sodium pyruvate on frozen samples 
at 5% concentration. The results showed a slight effect on the elastic-
ity of the samples prepared at rigor. Post-rigor samples exhibited 
solubility which resulted in high elasticity values. The most signif-
icant effect observed upon the addition of sodium pyruvate was the total 
stabilisation ·of the texture of the minced particles during frozen 
storage. 
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2.2 Product develooment using ninced fish 
Special efforts are essential in the field of product development 
to meet changing consumer tastes, the demand for diversified fish 
products and the need to compete with other food products [3igueras, 
1981 ). A product whether old or new must be defined broadly in 
terms of a whole group of attributes which produce distinct consumer 
satisfactions [Sullivan, 1969). 
Minced fish offers great apportu~ity far the preparation of new, 
imaginative, high quality products suited to the requirements of a 
wide range of consumers in bath developed and developing countries. 
2.2.1 In develoPed countries 
Minced fish products are one example of engineered foods which 
are now an important feature in the diet of the developed countries. 
In Europe, a significant number of products made from minced fish 
have been developed aver the last two decades and are available in 
the market. 
Much of the recovered flesh or minced fish in the United Kingdom 
is incorporated into fish fingers [Whittle £1 ~., 1980> Young, 1980; 
Whittle, 1982) smoked fish bites, fish cakes, mack scampi shapes, 
cad and parsley pie, and meat fish/burgers [Panell, 1976). Fish 
pastes or spreads prepared from minced fish which have a legal 
minimum fish content of 70% sold in jars or pats in small units, e.g. 
50 g, have been common in the U.K. market for many years. Species 
include tuna, sardine and mackerel. These pastes are traditionally 
used in cheap but nutritious sandwiches. A new product 
i.e. "fun fish" shaped like small fish, which is presumably aimed at 
the children's market [Yaung, 1980). 
Minced fish products are also papular in continental Europe. 
A schnitzel-type product was found successful. In Germany this is 
- 39 -
called Seemanns-schnitzel, in Belgium it is known as Escalopes d~ Mer 
and in Italy, Coteletta di Pesce. The other ingredients of schnitzel 
are small amount of cheese, gherkins and spices. The formed product 
is breaded and pre-fried. Fish cakes or Frikadellen are notable in 
Germanv. A number of gourmet fish dishes produced from minced fish··. 
'filletS' are widely accepted in France •. Fish ''quenelles" are the 
best example. These are made up of a mixture of minced fish with 
milk and eggs moulded into small rolls and poached gently. These 
are eaten with appropriate sauce. Other products in France are 
"kedegeree" and fish mousse. Another new gourmet dish prepared from 
minced fish being marketed in France is called ''terrines Chaudes de 
Rascasse du Nord Sauce Cresson''~ This consists of a blend of ocean 
perch, carrots, mushrooms and peas shaped and served with a sauce of 
watercress (Young, 1980). 
The traditional products in scandinavian countries like Denmark, 
are based on jars prepared by mixing skinned fish fillets minced with 
milk and flour made into paste which can be converted into fish balls 
or "fisk-ballen" fish puddings or rissoles (Hersborg, 1976; Young, 1980). 
In the United States, the incorporation of minced fish into cereal 
based food products has been studied, e.g. fish chips, fish puffs and. 
crisps. Minced fish has also been made into products such as fish 
croquettes, fish chowder, fish sticks, fish patties and fish cakes 
(Williams and Bacus, 1980). Several other products made from minces 
which resemble well known meat products include, "hot dogs'', "knock-
wurst", "ring baloney" and full size baloney (King, 1974). 
Blackwood (1974) noted that in Canada minced fish is made into 
hors d 'ouvres like shrimp, cr·ab and oysters as party starters. Other 
traditional types are fish cakes, fish patties and burgers, etc. 
Ingredients added to minced fish include cereal products, dehydrated 
spices, skim milk produce and egg powder. The fish content of the 
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final product is about 60~~ by weight. A new product introduced in 
Ontario, Canada is known as ''fish fries''. This is made from a 
species of freshwater fish, the shape resembles a log and is deep 
fat fried (King, 1974), 
Bremner (1978) studied the acceptability of fish fingers made 
from mince using Australian fish species. Results of two consumer 
acceptability trials showed that fish fingers made fro~ the mince 
were well liked with over 70~1 of respondents rating them better than 
or equal to commercially available varieties. 
In the U.S.S.R. the products made from minces include, fish 
sticks, sausages, Frankfurt sausages (skinned or skinless), puddings, 
delicatessen pastes, fish dough, croquettes etc. (Rekhina, 1974). 
In Japan, minced fish has been used in the production of ''surimi'' 
the basic material used for the manufacture of kamaboko (Japanese 
style fish paste/cake) (Okada, 19S9; Tanikawa, 1969; Miyauchi and 
Kudo, 1973; \~ong llU•• 1978) and other comminuted products e.g. 
"chikuwa" (fish/ham sausages) (Amana, 1965; 1971) and satsumaage 
( Tanikawa, 1971; Okada, 1973; Decker et .!!l·, 1980) and mikaku-ten 
(Tanikawa, 1971) and "kosen tara shiniku" and "marine beef" (Noguchi, 
1980). 
2. 2 .2 In developing countries 
Utilisation of minced fish in fish products is gaining prominence 
in the developing countries. In general the products found to be most 
acceptable are those that are similar to traditional products and in 
general have stronger flavour than those produced for developed 
countries. 
In South-East Asia, minced fish is widely used in soups and snack 
foods, e.g. fish balls, fish crackers and also in sausages, loaf, etc. 
Zain (1980) worked with spiced minced Tilapia (Tilapia mossambical a 
- 41 -
traditional food product in Malaysia. The finished product has a 
goad spiced flavour suitable to the Malaysian taste and hence was 
highly acceptable. 
Drejana ~ Al· {1976) made a study of minced shark {Scoliodcn 
palassorah) and round scad {Decapterus macrosoma). The minced flesh 
was converted intG fish protein concentrate and incorporated in a 
variety of native products popularly consumed in the Philippines. 
Mihced fish mixed with wheat and flour and other ingredients is 
known as fish noodles a popular dish in Thailand {Pruthiarenum et ~· 
1970). 
~loorjani ~ Al· { 1975) studied minced fish using under-utilised 
species of Indian fish and formulated minced products e.g •. fish 
macaroni, bondas, briquettes, wafers ar.d cakes and tested for its 
acceptability •. 
Snell {1970) investigated the utilisation of seven common species 
of fish from prawn by-catch in Sabah by converting them into minces 
and formulating fish cakes and fish balls products. 
Dbileye and Spinelli {1978) manufactured smoked minced Tilapia 
{Tilapia aureous) in Nigeria. Mince was mixed with salt and sodium 
tripolyphosphate and stabilised with sorbate, reformed into sheets and 
smoked at 70°C. 
Dhatemwa {1981) investigated a simple preservation method for 
Haplochromis spp. which involves the production of salted minced 
cakes suitable for use in Uganda. 
2.3 The ·use of under utilised species to produce minced fish 
The oceans fauna include many under-utilised species whose 
anatomy and size render them unsuitable for traditional fish processing 
methods and/or filleting methods {King and Carver, 1970). The under-
- 42 -
utilised pelagic species are generally small, oily, strongly 
flavoured with jark flesh; the under-utilised demersal species are 
generally small and difficult to process into acceptable traditional 
products. The nutritional value of these kind of fish is as high as 
i_;J _! •• . -
that of the common popular species (Steinberg , . ill al., 1977). 
About 0.7 ·million tonnes of fish per annum is landed in the U.K. 
-Only about one-third is used for human consumption, i.e. about two-
thirds are converted into fish meal (Keay, 1980). A proportion of 
this material could be utilised to provide acceptable fish mince for 
human consumption·. 
In the Un~ted Kingdom under-utilised species include: pelagic 
species such as sprats (Sprattus sprattus), horse mackerel (Trachurus 
trachurus) and sand eels (Ammodytes sp.); flat fish such as dabs 
(Limanda limanda) and flounders (Platichthys flesus); round demersal 
fish such as blue whiting (Micromesistius poutassou), ~lasmobranch fish 
such as the sharks and dogfish Daenia calcea, Centrophorus spp., 
Centrasevmnus coelolepsis, Dalatias licha, etc., and deep water 
species such as blue ling (Malva dyptergia), director fish (Gephyroberyx 
darwini), black scabbard ( Aohanop~s carbo), roundnosed grenadier 
(Coryphaenoides rupestris), greater forkbeard (Phycis blennoides), 
marid fish (Mora~), rabbit fishes (Chimaera monstrosa and 
Hydrolagys mirabilis) (Bridger, 1978; Connell and Hardy, 1982). Some 
of the less well known of these species have been assessed for ease of 
processing and eating quality. For example the black scabbard (.8_. carbo) 
was found to be difficult to gut by hand due to its long sharp teeth 
and sharp spine near the anus. However, the flesh is yery firm, white 
and has a pleasant flavour. A second example is the dogfish Oaecenia 
calcea which was found to compare favourably with spurdog Sgualus acanthias 
in a palatability test conducted by the Torry Research Station 
(Bridger, 1978). 
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Among the species of fish under-utilised in the Philippines are 
Sardinella spp. e.g. ~- fimbriata, ~. longiceps and i· perforate and 
Decapterus spp. e.g. Decapterus macrosoma, Q. macarellus, ~. kurroides, 
Q. maruadsi. Species in these two genera represent approximately 10~ 
of the total Philippine catch (FAD, 1980; Fish Stat. of the Phil., 
1980), these are fatty fish and caught all year round. The Leiognathidae 
family which comprise 10% of the Philippine catch includes species 
such ash· fasciatus, h· daure and 1~ ruconius which. measure only 6 em 
to 10 em (Rau and Rau, 1980) and are characterised by the presence of 
a great amount of bones but have white flesh. Due to their size they 
are normally converted.into fish meal and/or fish feeds. Fish in the 
families of Trichiuridae (hairtails, cuttlass fish); Balistidae 
(filefishes, triggerfish, leather jackets), Triacanthidae (tripod 
fishes); Platycephalidae (flatheads) are not usually consumed because 
of their size, appearance, etc., although they have white flesh and 
could be a very good source of food. Miscellaneous under-utilised· 
fish include triggerfish and pufferfish (some of which are toxic). 
2.4 The utilisation of sprats as raw material 
2.4-1 Soecies differentiation 
Sprat is a distinct species of fish of the clupeid family 
and is not, as sometimes assumed, young herring (see Fig. 7). The 
two species differ markedly in several respects which are discernible 
even in the young stages. When mixed they form "white bait", a popular 
main meal starter. It should be noted therefore that white bait is 
not a distinct species of fish. White bait caught in the Thames 
estuary consists of the young of the herring and sprat and in other 
places also of sand eels and other small fish. In the herring, the 
pelvic fins are very slightly behind the beginning of the dorsal fin 
and in the sprat they are in front of it. Moreover in the sprat there 
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is a ridge of strong spines between the palvic fins and the tail 
along the belly, while in the herring these spines are neither strong 
nor sharp (Robertson, 1938; Wells, 1958; Encyclopediae Brittanica, 
197 4). 
2.4.2 Biology 
Sprats normally measure f=om 5-15 em long (Robertson, 1938). 
The eggs are pelagic, floating on or near the surface. Spawning occurs 
from January to June in the English Channel. The sprats seek deep 
water and seem to travel right around the British Isles to reappear 
off Norway where it forms a summer fishery. In the autumn,sprats 
migrate towards the east coast of England off Suffolk sometimes in 
October. In early or late November they shoal off the mouth of the 
Thames where they form· an important fishery (Robertson, 1938; 
\olells, 1958). 
2.4.3 Various food oreoarations from sprats 
Sprats are canned in Norway under the title of "Brisling" 
(Robertson, 1938; Wells, 1958). The sprats used for canning are 
specially selected and often admixed with a small proportion of small 
herring (Clupea harengus). They are caught at a particular time of the 
year and their guts cleared by holding them in fjords prior to 
processing. The canned product is characterised by its matured, 
faintly cheesy flavour. The British canned sprats are less tasty than 
brisling (Connell and Hardy. 1982) but similar to "sild", another 
popular product produced in Norway, which is made up of winter caught 
herring. 
Approximately 2,000 tonnes of sprats are canned annually in· 
Britain for export and an equal quantity is marketed fresh or salted 
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(Connell and Hardy, 1982). With the exception of canned sprats (which 
is still eaten in small quantities) sprats are not popularly consumed 
in the United Kingdom. They are mostly utilised as raw material for 
the manufacture of fish meal, fish silage and pet foods (Tatterson and 
Windsor, 1974; Reece, 1980; Connell and Hardy, 1982). 
In other European countries several types of sprat products are 
manufactured, for example in Russia sprat products include salted (in 
barrels or in jars), hot smoked and spiced preserved in jars (Levieva 
.tl .!l.l·. 1960). 
2.5 Duality standards.for minced fish and minced fish oroducts 
Quality control is a vital aspect in the processing of minced fish. 
Stringent quality control measures are important if the quality of 
both the minced and the end-products are to be satisfactory. 
Ronsivalli (1974) believed that the availability and continuous 
market demand of any food item is dependent on a number of basic 
requirements. One such important requirement is that the product 
must be of goad quality when purchased, to generate the consumers' 
confidence and assure repeat sales. Good quality can only be achieved 
if high quality standards are set and reliable methods of quality 
assessment are developed. This is especially true for new products 
like fish minces. 
Keay (1980) has the opinion that with the introduction of minced 
fish technology there is a great possibility of putting inferior 
products on the market. Although this might be briefly profitable it 
would have adverse effects on the fish processing industry irr general. 
Hence, he advocated that high quality standards should be maintained. 
King (1980) stated that 
"the ~dea·of product standardisation ~hrough 
quality classification is recognised as being 
essential in the orderly marketing and 
efficient trading of foods." 
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2.5 .1 Hazards associated with minces 
The potential hazards associated with minced fish are similar 
to the other processed products (Waters and Garrett, 1974). However, 
it is more susceptible to certain kinds of potential hazards because 
of the manufacturing process undergone, i.e. mincing allows for the 
mixing of micro-organisms, blood, viscera and other extraneous 
materials. It is important therefore to observe high hygienic standards. 
Waters and Garrett (1974) clas~ified ~roduct ha~ards or potential 
hazards into three broad categories:-
1) microbiological; 2) chemical; 3) physical. 
2.5.1.1 Microbiological 
The microbiological problems occur before or during processing, 
from bacterial contamination to natural parasitic infestation of the 
raw material. In relation to bacterial contamination, the concern is 
on micro-organisms of public health significance, e.g. coliforms, 
£. ££1i, coagulase positive staphylococci and Salmonella or Shigella 
and Vibrio parahaemolvticus. 
In terms of minced flesh, during the deboning process, the tissue 
maceration alfows the release of cellular fluid rich in amino acids 
which provide a suitable substrate for bacterial growth. Hence, the 
machine should be properly cleaned and the mince immediately chilled. 
The presence of parasites in minced fish is an important aspect 
in the hazard assessment and quality control. It is impossible to 
eliminate parasites, however it is desirable to have only few within 
the standard unit in the finished ~roducts (Waters and Garrett, 1974). 
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Examples of parasites of potential public health significance are 
anisakis and Phocaenema_ terranova. Other parasites like copepods 
and myxasparidia although nat harmful are considered aesthetically 
objectionable (King, 1980), Dhatemwa (1981) identified twa types of 
worm in mince from whole Haplochromis which include: 
al Nematodes of the third larvae of Cantracaecum sp. an anisakine, 
and Eustrangylides sp. and 
b) Cestades which is a larvae of Ligula intestinales (Linnaeus, 1758). 
The identified warms were nat considered harmful because they can be 
killed by freezing or proper cooking Gibson (1980) as cited by Dhatemwa 
(1981). 
2. 5.1 .2 Chemical 
Chemical hazards relate to organic and inorganic compounds. 
Heavy metals like mercury and organic chemicals like pesticides 
should be carefully assessed as they are potential hazards in minced 
fish. 
Trace elements affect product quality and wholesomeness. 
King (1980) cited that the levels of trace elements in minced flesh 
aresimilar or less than the levels in the original material. This 
is to be expected since mast of the trace elements are concentrated 
in the fish banes. 
High levels of ,histamine are implicated in scambrataxin poisoning, 
Histamine appears in excessive amounts due to the actiun of bacteria 
during the spoiling process. Studies have shown that the micra-
organism Proteus maarjani was found to be responsible in the 
breakdaw~ of amino acid histidine to histamine through the decarboxy-
lation process. Histamine can be found in significant quantities in 
pelagic fish meat. 5cambrataxin poisoning has been reported as 
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being caused by bath scambroid and clupeid fish (Kimata, 1961; 
Arnold and Brown, 1978). 
2.5.1.3 Physical 
The physical hazard refers to the bane or bane fragments in the 
fish flesh. '.-lang ll .sl· ( 1978) stated that the hazard from banes 
depends an their rigidity rather than length. Bane fragments are 
considered harmful if they leave indentations when pressed between 
fingers (Patashnik .!ll..sl·• 1974). 
2.5.2 Regulations and codes of oractice 
Regulations are required for two main reasons: 
a) to provide minimum standards of quality for the protection 
of the consumer and the stabilisation of the industry; 
b) to protect the industry as a whale from an unfavourable 
image by controlling the production and sale of law 
quality fish products (Dempsey, 1971l. 
Mast developed countries control the general development of the 
fish trade and fish processings industry through food legislation 
and quality inspection (Jensen, 1971). A regulatory standard is 
one so drafted and so authorised that it may be enforced by some 
responsible agency (Beacham, 1971). The manner in which standards may 
be developed and adopted varies a great deal depending upon the 
promulgating agency, whether it be a government or subdivision thereof, 
or an international organisation such as The Codex Alimentarius 
Commission. The procedure will vary among countries depending upon 
their type of government and their traditional system of due process 
of law. 
- 50 -
2.5.2.1 Codex Alimentarius standards 
The Codex standard for minces is still in the process of being 
completed (Brooker, 1980). A draft code of practice on minced fish 
proceeding through the Codex Alimentarius Committee on Fish and 
Fishery Products is now on Step 5 (Keay, 1980). 
The proposed standards by FAD/WHO Codex Alimentarius Commission 
would rank a minced block defective if one (1) kilogram of it 
contained more than two (2) bone fragments longer than 5 mm in 
dimension (Bremner, 1978). The regulation for fish fingers is that 
no bone ''capable of piercing or hurting the palate after the product 
is cooked" is permitted. 
2.5.2.2 F .D .A. standards ( U .5 .A.) 
The U .. 5 .A. standard for grades of frozen mince blocks was 
promulgated, and is now published in the Federal Register Vol. 44, 
No. 110, June 6, 1979. It is a very comprehensive standard which 
concerns texture, flavour, odour, colour, blemishes, hygiene and 
the use of additives. They include the following provisions: 
1) A block may contain minced fish flesh fro~ a single 
species or a mixture of species. 
2) Minced fish blocks are classified as either white 
light or dark in colour. Thus a dark-coloured block 
whose colour is natural to a species is recognised as 
such, but is not downgraded automatically. A laboratory 
method for colour measurement is included. 
3) Three texture classifications are included to recognise 
different technologies in preparing mechanically separated 
fish flesh. They are: (a) coarse, (b) fine, (c) paste 
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or puree. 
4) Three quality levels are described: U.S. Grade A, U.S. Grade B, 
U.S. Grade C. For each grade level the product must meet: 
a) the flavour and odour requirements and b) the maximum 
allowable tolerances far physical defects. 
S) Each physical defect is defined and categarised•minor, major 
or serious. They are a) deteriorative colour, b) dehydration, 
c) uniformity of size, d) uniformity of weight, e) unaccept-
able angles, f) improper fill, g) blemishes, ~) banes, and 
i) texture (King, 1980). 
2.5.2.3 EEC and U.K. standards 
The EEC is considering legislation which would specify 
11 maximum bone content II ( 0. s% bone = 0 .l~'o Ca) for mechanically 
recovered flesh materials.. In the United Kingdom no regulations 
have been produced relating specifically to. the use.af mechanically 
recovered flesh in food products. However a recent Food Standards 
Committee report an mechanically recovered meat (m.r.m.) in meat 
products may be of same relevance and certain parallels may be able 
to be drawn concerning the use of minced fish in fish products. 
At present any potential problems caused by the use of minced fish 
in fish products in U.K. would be dealt with under the general 
protection offered to the consumer by Section 2 "not of the nature, 
substanc.e or quality" of the Food and Drugs Act 1955 (Butterworths, 
1983; Knowles, 1982). 
According to Keay (1983) there are as yet no published U.K. or 
EEC standards for minced fish or fish products. 
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The code of practice and regulations fallowed regarding minced 
fish and fish products are based an the existing legal requirements 
an fish and fishery products. 
The microbiological standards observed on minced fish and 
minced fish products are in accordance with the sampling plans 
developed by I .C M~ F {1978) far fish and fishery products 
{see Table 3). 
2.6 Economics and marketing consideration of minced fish 
and minced fish products 
Mince and minced products represent a concept of the max~mum 
and economical utilisation of a harvested resource. It represents 
a product offering goad value at a relatively law price from the 
marketing paint of view and a goad buy an the part of the consumers 
{John, 1974). 
Keay {1980) mentioned that concomitant with the advantages of 
fish technology are the problems of marketing, although there are 
ready made outlets. Miller {1972) referred to marketing as the 
final test of successful laboratory researches, when the product 
moves from the assembly line through the distribution complex maze, 
to its final destination - the consumers. 
According to John {1974) there are four distinct marketing 
problems with respect to minced fish and minced fish product. The 
first is the general marketing management problem because of th~ 
introduction of a new product. It brings a change in a well established 
marketing pattern. If the products are to succeed they should 
satisfy five {5) survival tests: al profitability; b) growth 
potential test - whether the product is viable; c) competitive 
·test -whether the product can compete with ·traditional products; 
d) distribution test - whether it requires new facilities and 
Table 3 Microbiological tests and recommended limits for fish and fish products 
(It M 5 f , 1978) 
Product 
1. (a) Fresh and frozen fish including 
fish frozen at sea, fish blocks, 
comminuted fish blocks, and scallops 
(b) Fish eaten raw 
2. (a) Freshwater fish 
(b) Freshwater fish from warm waters 
3. Cold smoked fish including kippered herring 
(a) Cooked prior to eating 
(b) Eaten uncooked 
4. Breaded pre-cooked fish products including 
fish sticks (fingers), fish portions, and 
fish cakes 
Test 
5PC( 2 ) 
Faecal colifor~s)(MPN) 
5taphylococcus 13 
V 
. . (4) 
• parahaemolyticus 
SPC 
Faecal coliforms (MPN} 
Staphylococcus 
Faecal coliforms 
SPC 
Faecal coliforms (MPN) 
Staphylococcus 
5PC 
faecal coliforms (MPN) 
Staphylococcus 
SPC 
Faecal coliforms (MPN) 
Staphylococcus 
( 1 ) Limit per g 
m 
1 o
6 
4) 
10 
10
2 
106 
4 
103 
4 
10
5 
4 
103 
105 
4 
10 3 
1 o6 
4 
10 3 
107 
400 
2 X 
10 7 
400 
2 X 
400 
1 o6 
400 
M 
103 
1 0 3 
2 X 1 0) 
1 o6 
400 
2 X 1 o3 
107 
400 
2 X 10 3 
(1) m =the maximum number or level of relevant bacteria per g; values above this level are either marginally 
acceptable or unacceptable. . 
M = a quantity that is used to separate marginally acceptable quality from unacceptable quality foods. 
(2) Incubation temperature for SPC should be 25 C. 
(3) Refers to Staphylococcus as an indicator, (path) as a toxinogenic pathoge••· 
(4) Testing for X· parahaemolyticus is recommended only for products from areas of high incidence of the organism 
(e.g. S.E. Asia and Japan) and hazardous products harvested during warm weather periods in other areas. 
"' w 
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channels of distribution. e) investment and stability test -
whether the product requires high or low investment and if the 
investors are assured of the profitability of their investment. 
The second marketing problem is the tendency of the average 
consumer to equate price as indicator of product quality. A good 
deal of consumers 1 education ·and product promotion is necessary to 
build up the real product value and sufficient consumers confidence. 
This is less of a problem for developing.than developed countries. 
The ·third problem, an over-expansion of the production of 
minced fish products without adequate market base. The entry of 
too many producers and converters of minced fish products which are 
incompetent on product quality and marketing would have detrimental 
effect on the new product. 
Finally, the quality control problem. The success of the mince 
and minced products will largely depend on its quality. 
There are a lot of prospects and opportunities offered by the 
minced products. The shortage of animal protein due to inflation 
and high food prices will lead to the growing search for cheaper food 
items. In connection with the cost increase, the tendency is to 
look for alternative cheap raw material for reasonably priced consumer 
product and cheaper protein source. 
The procuction of minces involve lower labour cost, one-third 
lower than the cost in the production of fillet blocks. 
Minced products are viable because ~f the increasing market for 
convenience products. Consumers are receptive to new products. 
Minced fish is highly versatile in the sense that it can be mixed 
with other ingredients like vegetable protein, cereal, cheese, potato, 
etc. A variety of food preparation therefore can be made (Anderson 
and Mendelsohn, 1971; King, 1973; King and Flick, 1973). 
The successful marketing of minced fish and fish products 
therefore needs a thorough market plan. It is important to undertake 
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consumers education, market development and disseminate promotional 
literature (John, 1971; Miller, 1972). 
Anderson (1974) stated that marketing new fish products in 
developing countries is not a·problem as consumers are more advent-
urous in trying new types of food products: it is the industry 
that should have more initiative in introducing new products. 
Consumer resistance to new products will in general be less in areas 
of food shortage provided the products are of low price, but even 
under these conditions consumer resistance can sometimes be 
prohibitive. 
Fish products to be marketed in developing countries should as 
far .as possible be adopted to consumers taste and preferences, e.g. 
' 
stronger flavours are often preferred compared with the bland taste 
favoured in most western or developed countries. 
There are two basic marketing problems encountered in the 
developing countries. The first problem is the distribution problem 
i.e. slow distribution and lack of frozen or chilled distributing 
chains •. The second problem relates to the dominance of marketing 
agents or middlemen over fish product distribution. In many develop-
ing countries they control the market by withholding or releasing 
supplies, e.g. in India and the Far east countries, and African 
countries (Hamslich and Taylor, 1962). In many cases the producers 
and traders are tied in some way to the middlemen for example by 
large loans, etc. Marketing of new products must take into account 
the dominant position of such middlemen. 
Similar to the marketing aspect of new products for developed 
countries, educational measures like promotional campaign is very 
important to gain the acceptance of the product. Consumers education 
is significant in developing countries not only to familiarise 
consumers with the new products but also to breakdown patterns 
associated with traditions and religious taboos. 
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2.7 Aims of the oresent work 
Much recent work has been carried out on the production and 
utilisation of minced fish from previously unp.opular species. 
Grantham (1981) stated that the greatest tonnage potential for fish 
mince is seen in the by catch of small pelagic resources o'f the develop-
ing world. Studies on minced fish has been mostly based on mince 
production from beheaded and eviscerated fish samples. In the present 
work mince production from whole uneviscerated sprats (Sprattus 
sprattus) has been investigated and the conversion of the mince into 
various products. The reasons why sprat (~. sorattus) was chosen for 
the study include: 
a) the species is caught in large quantities in 
United Kingdom waters; 
b) it is not popularly used for human consumption, except 
when canned, i.e. it is under-utilised and often simply 
converted into fish meal, fish oil or pet food; 
c) there is no information available on the production 
and utilisation of mince from sprats (Keay, 1983); 
d) the species is very similar in characteristics· of low-value 
Clupeid species such'as Sardinella spp. which are found 
in abundance in Philippine waters. 
The investigation has concentrated on the nutritional, microbiological 
and sensory aspects of: 
1) Production of unwashed and washed minces from whole sprats. 
2) Production of a fish product made exclusively using minced 
sprats as the maier ingredient (unwashed and washed), e.g •. 
fish balls. 
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3) Production of a product where the minced sprats are 
utilised as a partial substitute for some of the meat 
protein, e.g. fish sausages. 
It is envisaged that a better understanding of the nutritional 
microbiological, sensory and shelf-life properties of such products 
may lead to more effective utilisation of sprats and of similar 
species in South-East Asia particularly in the Philippines. 
3. EXPERIMENTAL 
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3. 1 Materials 
Fish samples 
Fresh sprats (Sprattus sorattusl obtained from the Grimsby Fish 
Docks were used in the first part of the experimental work in the 
manufacture of the fish ball product. Owing to the seasonality of 
sprats, frozen and thawed samples were utilised in the second part 
of the experimental work, {.e. for the manufacture of fish sausages. 
Ingredients for oroduct formulations 
a) Fish Balls 
self raising flour 
garlic 
parsley 
thyme 
salt 
unwashed and washed mince 
pepper monosodium glutamate 
b) Sausages 
lean pork (lean:fat 
pork fat (lean:fat 
soya protein 
rusk 
water/ice 
90:10) 
5:95) 
permitted colouring Red 2G 
seasoning mixture- containing 1.9-2.3% 
E220 sulphur dioxide plus colouring and 
anti-oxidant. Manufactured by Amasal Ltd., 
Bristol, U.K. 
Unwashed and washed mine~ 
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Packaging material 
Three types of packaging materials made in pouches were used. 
a) Laminated polyamide ionomer low density polyethylene 
with an overall thickness of 90 Mm• 
b) Laminated medium density polyethylene cast nylon with 
an overall thickness of 80 ~m. 
cl i. Low density polyethylene {small) with a thickness 
-2 
of 20.um, 18 g m 
ii. Low density polyethylene {large) with a thickness 
-2 
of 25 ~m, 18 g m 
· J .2 Equipment 
Flesh/bone separator 
The machine used throughout was the Baader 694 model 
flesh/bone separator, manufactured by Nordischer Machinebau, Lubeck, 
West Germany. The J mm perforated drum was solely used in the 
mincing process because prior studies have shown that this drum gives 
greater yield recoveries compared with the 5 mm perforated drum. 
Hobart mincer/mixer 
The Hobart Mincer/Mixer Model A.120 manufactured by the Hobart 
Manufacturing Company London was used in the preliminary study made·. 
The whole sprats were minced to ensure homogeneity of the sample 
before analysis. 
The mixer was used to thoroughly blend all ingredients in the 
fish ball manufacture. 
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Bowl choooer 
The bowl chopper type MTKZO, manufactured by Miller and Son, 
Saarbrucken was used in the production of sausage meat. It consists 
of a revolving metal bowl into which is placed the meat and other 
ingredients and three sharp knife blades rotating on an axle that 
cut through the revolving meat mass. 
Sausage filler 
A standard sausage filler was used in the manufacture of 
sausages. The products were filled into appropriate sized natural 
casings by operating a foot pedal. The filling speed may be varied 
by foot pedal pressure and by piston speed control. 
Sealers 
a) Vacuum sealer 
The vacuum sealer used was type S.A.-00 made by 
Vaesson-Schoemaker Engineering 8.~. Holland. 
b) Hand sealer 
The hand sealer used was the portable type made by 
N.V.-Machinef Abriek Wormer Holland. 
Hamogenisers 
Three different homogenisers were used. For the microbiological 
samples an A, Colworth Stomache·r 400 was used. An MSE homogeniser 
and an Ultra-turrax type TP-18/10 made by Junkie and Kunkel, Germany 
were used for fat extraction, 
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3. 3 14ethads 
Processing of raw materials 
Batches of 30 kg of sprats were processed as fallows: 
The fish samples were washed thoroughly, drained and then 
passed through the flesh/bane separator. The resulting minced flesh 
and residues were weighed to determine the per cent yield recovgry. 
The minced flesh was divided into twa lots. The second lot was 
washed with tap water by the standard procedure (see below). Both 
the unwashed and washed mince were packed in law density palythene 
pouches and blast frozen for three hours, then stored at -25°C 
ready for the product formulation (see Fig. 8). 
ltJashing of mince 
The following standard procedure was used. The minced sprats 
were washed three times at a fish/water ratio of 1:1. The washed 
samples were dewatered by placing the mince in cheese cloth and 
passing through a fruit press to which a standard pressure was 
applied each time. 
Fish ball product 
This product utilises minced fish as the major ingredient. 
The dry ingredients were first mixed using a Hobart mincer. 
Then the minced sprats were added and mixed thoroughly with the 
ather ingredients. The resulting mixture was shaped manually in. 
rounded forms approximately 1 .5 em in diameter. 
The fish ball products were packed in laminated polyamide 
ionomer low density polythene, vacuum and non-vacuum packed. The 
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\mOLE FISH 
(Sprats) 
' 
WASH WITH TAP ':lATER 
MINCE 
(in Baader 694) 
\vASH MINCE WITH TAP WATER 
I, 
DE'IIATER 
PACKAGE 
- -·-
~ 
FREEZE 
Fig. 8 Flow diagram of mincing 
- 63 -
packed samples were divided into two lots and kept at two storage 
temperatures, 4°C and -25°C. Storage trials were carried out. 
Samples stored at 4°C were tested microbiologically, chemically 
and by sensory evaluation for three weeks at weekly intervals. The 
same tests were conducted with the samples stored at -25°C. Tests 
were conducted fortnightly for three months •. 
Fish sausage product 
This produc~ utilises minced fish as a Partial meat Protein 
substitute. 
The procedure followed in the sausage manufacture was patterned 
after the British Standard Pork Sausage. The percentage of lean 
pork and fat were modified accordingly. Addition of a legally 
permitted colouring dye, Red 2 G was made to simulate the colour 
of the standard park sausage, in the manufacture of fish sausages 
using unwashed and washed minced sprats. 
Fish sausages with varying levels of minced sprats starting from 
a ~inimum level of 5% up to SO% were manufactured. An all pork 
sausage sample was made as the standard control. 
The sausages were packed in law density polyethylene pouches. 
Storage studies were carried aut an the samples with a percentage 
incorporation of 30% far both unwashed and washed samples. The samples 
0 
were divided into twa batches and stared at twa temperatures 4 C and 
0 
-18 C. The samples were tested chemically, microbiologically and by 
sensory evaluation. The 
weeks, while the samples 
over two months. 
a 
samples stored at 4 C were tested up to twa 
0 
stored at -18 C were analysed weekly for. 
Mix dry ingredients 
e.g. flour condiments etc. ~ in Hobart mincer FISH Mix thoroughly Add minced fish BALLS in Hobart mincer 
' 
frozen or chill storage Package 
[/ 
Form into round 
shape 
' I 
MINCED FISH 
"' Unwashed &. 
" 
washed I 
. 
. 
Pork (lean meat and fat) Sprinkle seasoning Add soya protein, 
' and m~nced fish mix in :n~2~~o!c~~ colour , rusk and remaining bowl chopper fine water 
emulsion 
FISH 
SAUSAGES 
Hold in chill temperature 
Frozen or chill storage 1.- at least 24 hrs. Fill into casings 
Package 
Fig. 9 Flow diagram of fish ball and fish sausage manufacture 
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3.4 Product analysis 
Proximate and microbiological analyses of the minced flesh 
and residues, and the formulated products (fish balls and fish 
sausages) were carried out in accordance with standard procedures. 
Lipid 
The analysis of lipid was done using the modified Bligh and 
Dyer (1959) method as further modified by Hanson (1980). Approximately 
10 g of the sample was accurately weighed into a 3 200 em homogenising 
3 3 
flask. 8 em ~f water, 40 em methanol and 20 3 em of chloroform 
were added and the mixture homogenised for 1:minute at constant speed 
using a Ultra-turrax homogeniser. A further 20 cm 3 of chloroform 
was added by pipette and the mixture homogenised for 30 seconds. The 
flask 
final 
. . 
with samples was held in ice/water during homogenisation. A 
3 20 em of water was added by pipette and the mixture homogenised 
for a further 30 seconds. The homogenate is transferred into two 
100 cm 3 capped glass centrifuge tubes and· centrifuged for 20 minutes 
3 
at 2000 r.p.m. The aqueous layers were removed by suction. 20 em 
of chloroform was pipetted into a tared beaker and the solvent 
initially evaporated off over a steam bath in a fume cupboard and 
finally in an oven at 105°C for 15 minutes. After cooling in a 
de•iccator the beaker was weighed and the content determined by 
difference. The weight of the residue multiplied by 2 gave the 
weight of total lipid in the sample. 
Crude protein 
The total nitrogen was determined by the Commission of European 
Communities, EEC (1979) recommended method ISOR 937-1969, a macro-
Kjeldahl procedure, and Hanson (1982) method. The crude protein was 
calculated using a factor of 6.25. 
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True orotein and non-protein nitrogen 
The true protein was determined by the method outlined by 
Cutting (1969) and modified by Hanson (1982). Approximately 2 g 
of the sample was accurately weighed and ground with a pestle and 
mortar in 10 cm3 of 15% trichloroacetic acid (TCA). The solid 
sample was washed with 20 cm3 of TCA and the TCA soluble recovered 
by filtration. The total nitrogen content (true protein nitrogen) 
of the solid residue was determined by 'the standard method given 
above and the non-protein nitrogen was calculated by difference 
between total nitrogen and true protein nitrogen. True protein \'11'85 
calculated using a factor of 6.25. 
Moisture 
Moisture was determined according to the Commission of European 
Communities, EEC (1979) recommended method 150 R.1442-1973. 
Ash was determined according to the Association of Official 
Analytical Chemists (1980) ~ethod 18.025. 
Peroxide value 
Lipid was extracted i~ accordance with the Modified Bligh and 
Dyer (1959) method and Hanson (1980) method. Modifications like the 
addition of 0.1% BHT in the chloroform and evaporation using a rotary 
evaporator and ·rotary suction pump were made. 
The peroxide value determination was carried out using Pearson's 
( 1976) method. 
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Cooking losses far sausages 
The procedure followed was in accordance with Knowles {1977) 
method. The following parameters were tested: 
a) percentage total weight loss; 
b) percentage fat loss; 
c) percentage moisture loss. 
3~5 Microbiological evaluation 
Total Viable Count 
The total viable count followed was patterned after the I.C.M.S.F. 
{ 1978). 
PCA medium was used. Serial dilutions from 10-1 to 10-S were made. 
Spread plate technique was used. The samples were incubated at 
25°C and 37°C respectively for 48 hours. 
Determination of Staphylococcus aureus 
The determination of the presence of Staph. aureus fallowed was 
patterned after the I .C .M .S •. F. { 1978). 
Serial dilutions from 10-1 to 10-S were plated in Baird-Parker 
medium. After 24 hrs. incubation, suspected colonies were transferred 
into nutrient agar slopes and incubated for 48 hours at 37°C. 
Coagulase slide test was performed using rabbit plasma to confirm the 
presence of pathogenic strains. 
3.6 Sensory evaluation 
Sensory evaluation of the formulated products was conducted. 
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a) Fish balls 
The sensory evaluation of uncooked and cooked (fried) fish 
a o balls stared at 4 C and -25 C was conducted at weekly intervals as 
described in section 3.3. All the samples were served separately 
in polytnene trays using random number codes for identification. 
The samples were served to a panel of four, consisting of three 
students and one lecturer of the Grimsby College of Technology. 
The panellists were requested to assess the samples in accordance 
with the prepared taste panel scare sheet (see Apaendix· 1l.Water 
was used to remove carry over taste. 
b) .Sausage oroducts 
Sensory evaluation of uncooked and cooked (fried) sausages was 
conducted. ·The storage trials of sausages incorporated with 30~G 
unwashed mince and 30% washed mince, and an all pork sausage which 
served as the standard a o reference stared at 4 C and -18 C was studied. 
Sensory evaluation of sausages incorporated with 5, 10 and 15% 
washed mince was also made. The sausages were served in palythene 
trays individually using numerical codes (e.g. 929, 851, etc.) for 
identification. The samples were served to a panel of seven consist-
ing of students, technicians and lecturers of the Grimsby College of 
Technology. The panellists (similar to the sensory evaluation of 
the fish balls samples) were requested to assess the samples i~ 
.accordance with the parameters stated in the prepared sensory evalua-
~ion score sheet (see Appendix 2). Water was used to remove carry 
over tastes. 
4. RESULTS AND DISCUSSION 
( 
~-
- 69 -
4 .. 1 General considerations 
Whole uneviscerated sprat was used in the mince production since 
the evisceration of such a small fish would markedly increase the 
production costs of mince. Washing of the mince was therefore considered 
to be important in order to overcame same of the disadvantages of having 
viscera in the mince. The effect of washing on the nutritional, microbial 
and sensory properties of the mince and products was studied. Some pre-
liminary studies were carried out on mince production from cooked sprats, 
however the mince products studied, fish balls and fish sausages, were 
prepared only from mince from sprats that had not been cooked. 
The fish balls and fish sausages were stored at both chill and 
frozen temperatures. The effect of vacuum packaging on the storage life 
of the fish ball products was studied. Sensory evaluation was conducted 
for bath uncooked and cooked samples. The uncooked samples were assessed 
according to colour, odour and texture, while the cooked samples were 
also tested for the taste factors!fish flavour, rancidity and, for fish 
balls only, saltiness •. 
The expert panel assessed the products using ''objective'' scoring 
systems to denote changes in quality parameters with time. No attempt 
was made during this study to carry out consumer acceptability tests, 
although this necessary follow-up study is suggested under "further work" 
and should be carried out in both developed and developing countries for 
both types of product. 
The sensory evaluation panel consisted of four members fer the fish 
ball taste panel and seven members for the sausage taste panel. The 
panellists were trained and chosen for their ability to"differentiate 
between quality variations in fish ball and fish sausage products respect-
ively. The number of panellists used was in accordance with the Committee 
an Sensory Evaluation of the Institute of Food Technologists (Anonymous, 
1964}, as cited by Amerine ~sl· (1965}, which recommended that the 
number of trained panellists used should be between 3-10 compared with 
untrained (i.e. consumer panel members} of 80 and above. 
Peroxide values were used to check for rancidity development in the 
fish sausage products. 
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4.2 Mince oraductian and analvsis 
Preliminary experiments using the Baader 694 flesh/bane separator 
were conducted an raw and cooked sprats. Raw sprat mince was produced 
from whole raw sprats passed through the flesh/bane separator. Cooked 
sprat mince was produced by steaming whale sprats in s steam jacketed 
kettle (10 min at 121°C and 15 p.s.i. pressure) before passing through 
the flesh/bone separator~ A m~an loss of 27.9~~ occurred on cooking 
i.e. cooked mean yield ~ 72.1~. This is discussed bglaw. 
4 • 2 • 1 Yields from raw and cooked sorats 
The mean yield of the mince from whole raw sprats was 85.5~ with 
residues (skin, banes, ate.) of 9.6, based upon the whale weight of the 
fish. Mince plus residues normally totals lass than 100~ because of 
material sticking to the flesh/bane separator and material squeezed aut 
of the fish that is nat caught in the residua collector. 
The mince yield of 85.5% is higher than previously reported values 
far fish (s~e Section 2.1.4) i.e. typically about 40-60~, although 
Dhatemwa (1981) obtained yields up to 80% from mackerel and Haplochramis. 
The higher percentage mince yields can be attributed in part to the 
efficiency of the Baader type of flash/bona separator compared with the 
Yanagiya ''Miny'' type used in many previous investigations (see Section 
2.1 .4). Dhatemwa also used the Baader 694 flash/bane separator. Another 
possible explanation is that the fish used, sprat, is a small fatty fish 
which easily passes through the flesh/bane separator, i.e. the flesh is 
easily sheared off the banes (Draws, 1976). The usa of whale fish also 
leads to higher yields than eviscerated fish since much of the viscera 
is included in the mince fraction (Dhatemwa, 1981). 
Cooked sprats gave mean yields of 89.2~ and 2.1~ for mince and 
residues respectively basad an the weight of cooked sprats. However, 
a mean lass in weight of 27.9% occurs an cooking, i.e. a 72.1% yield is 
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obtained, hence yields calculated back to whale raw sprat equivalent 
were 64.3~ and 1.5fo for mince and residues, =espectively. Cooking 
lasses are in general unavoidable. Windsor and Barlow (1981) observed 
a that when fish are heated to about 100 C, changes such as protein 
coagulation occur, which rupture cell walls and consequently affect ail 
and bound water leading to fluid lass. They noted that a high amount 
of liquor is released by cooking, up to 60~ of the weight of raw materials. 
McCance and Shipp (1933; 1930) as mentioned by Aitken and Connell (1979) 
measured cooking losses of several species of fish. True cooking lasses 
were studied by cooking the samples in a saturated atmosphere by bailing 
or steaming. The mean loss on steaming marine non-fatty fish was 18.6~; 
round fish last mare weight 20.7% than flat fish, 14.1%. The mean loss 
for marine fatty fish was 21.1%. Several ather authors reported cooking 
losses of 20-30% (Aitken and Cannell, 1979 and references therein). 
Although a lower overall yield of mince is obtained by the cooked 
mince process (64.3%) compared with raw mince process (85.5i) it is 
necessary to know the composition of the minces in order to comoare the 
nutritional losses that occur with the twa processes. 
4.2.2 Proximate analvsis 
Proximate analysis data for: whole raw sprat, minced raw sprat, 
and minced cooked sprat are given in Table 4 •. The results for the 
whale raw sprat and flesh/bane separated material are not directly cam-
parable since the fish were from different batches. However, the batches 
were obtained from the same fishing ground at the same time of the year 
and should therefore have similar compositions. The results far minced 
raw sprats and minced cooked sprats are given firstly as a direct percent-
age of the material as analysed and secondly the figures have been 
calculated back to raw sprat equivalent taking the appropriate yields 
into account. The latter yield data therefore give a clearer comparison 
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Table 4 Proximate analvsis of whole and minced sorats 
( 1 ) 
Samples 
r1ean percentage composition ( 2) 
Crude protein Lipid Moisture Ash 
i~hole new sprats 14.7 17.4 6 7. 1 2.2 
( 1. 3) (0.6) ( 1 • 6 ) ( 0. 1 ) 
Minced raw sprats 
a) Mince 14.7 20.6 64.3 1. 4 
( 1. 2) ( 0. 2) ( 0. 8) (0.2) 
b) Residues 16.8 14.9 57.5 8.3 
( 0. 1 ) (0.4) ( 1. 0) (2.0) 
' 
Minced cooked sprats 
a) Mince 19.8 17.0 60.7 2.6 
( 0. 2) ( 0. 4) ( 0. 1 ) ( 0 • 1 ) 
b) Residues 22.4 6.6 57.6 14.2 
( 0 • 1 ) ( 0. 3) ( 0.6) (0.8) 
Mean yield in g per 1 DOg whole sprat ( 3) 
Crude protein Lipid Ash 
Minced new sprats 
a) Mince 12.6 17.6 1.2 
b) Residues 1.6 1 • 4 0.8 
Minced cooked sprats 
a) Mince 12.7 10.9 1.7 
b) Residues 0.3 0. 1 0.2 
1 ) The data obtained for the whole raw sprat are not directly comparable 
with those obtained for the minced sprats since the fish were from 
different batches, however the batches were obtained from the same 
fishing ground at the same time of the year, mid-October. 
2) Means of four determinations. Figures in bracket are standard deviations. 
3) Calculated from the mince yield of 85.5% from raw sprats and the overall 
yield of 64.3% from cooked sprats (72.1% yield on cooking, 89.2% mince 
yield from cooked sprats), and the residues yield of 9.6% from raw sprats 
and the overall residues yield of 1 .5% from cooked sprats (72.1% yield on 
cooking, 2. 1';\. residues yield from cooked sprats). 
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of the amount of crude protein, lipid and ash obtained from the same 
common weight of starting material i.e. 100 g. 
For both the minced raw sprat and minced cooked sprat the crude 
protein content of the mince is lower than that of the residues. This 
can be attributed to the fact that during mincing most of the soluble 
protein goes into the residue fraction. Another significant factor is 
that the skin of the.fish which forms part of the residues has a high 
content of the protein collagen (Jacquot, 1961; Jay, 1981). Fish scales 
also have a high protein content since they are composed of a protein of 
the keratin group, named ichthylepidin (Jacquot, 1961). The per cent 
crude protein content of the mince from the cooked sprats is higher than 
that of the whole sprats and the mince from the raw sprats. However 
when mean yield figures are compared on a whole sprat basis (i.P.. 12.6g/100g 
for minced raw sprats and 12.7g/10Dg for minced cooked sprats) it is seen 
that no significant change in crude protein occurs as a result of cooking 
before mincing. 
The mince from the cooked sprats contains less lipid than that from 
the raw sprats. Clearly there is a loss of lipid during the cooking 
process as can be seen by comparing minced cooked sprats mean yield data 
with the minced raw sprat mean yield data. Aitken and Cannell (1979) 
noted that most fish release a watery ''cook liquor'' on heating containing 
in addition to water, lipid and other materials. Tarr (1941) observed 
that the loss increases with temperature above 100°C. 
Higher ash values were obtained jn mince for cooked fish compared 
with mince from raw fish. This is possibly due to some movement of 
minerals from bones to the flesh during the cooking process. The residues 
from the cooked fish contain far more ash than the residues from the raw 
fish, 14.2% compared with 8.2%. This is due to the better flesh separation 
from the cooked fish resulting in residues containing a higher proportion 
of bone than for the raw fish. 
Mince from raw sorats was used exclusively during the remainder of 
this study, since the raw mince was more appropriate for the products 
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investigated iae. fish balls and fish sausages, both of which are cooked 
before eating. However, mince from cooked sprats, with a lower lipid 
content but the same crude protein retention, has definite potential in 
some types of product and will be investigated further in subsequent 
studies. 
4.2.3 Unwashed and washed mince 
Mince from raw sprats was used in the product formulations. Two 
types of mince were used, unwashed mince and mince that had been washed 
three times with tap water in the ratio of 1:1 with mince {see Section 
3.3), followed each time by dewatering using a screw press. The washing 
technique was based on reports in several papers which dealt with the 
washing of mince e.g. Miyauchi (19721; Sorenson (1980); Steinberg 
(1975); Ravinchander and Keay (1976). Three washings at 1:1 fish/water 
ratio was considered sufficient because further washing led to further 
losses of minced flesh without significant improvement in colour. The 
unwashed mince was darker in colour, presumably due to blood, bl8od 
pigments, kidney tissues and dark meat being mixed during the mincing 
operation (see Plate 1 ). Sorenson (1980) stated that the mincing process 
causes tissue rupture and breakdown of structural material because of 
the shearing and pressing action. The dark·meat and kidney tissues are 
mixed with the muscle tissue during mincing. Hence a dark coloured mince 
is obtained when fish with red or dark meat are used e.g. sprat, herring 
or mackerel. 
In addition to the lighter colour of the flesh, which is preferred 
by consumers in some fish products, another advantage obtained by the 
washing was a reduction in the strong fishy odour of the unwashed mince. 
This is probably due to the removal of much of the visceral material 
during washing, which is also an aesthetic advantage. In addition, it 
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Plate 1 Unwashed and washed mine-d qpr~ts 
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has been noted that washed mince is less susceptible to autoxidation than 
unwashed because of a reduction in amounts of pro-oxidant compounds 
(Miyauchi, 1972). It was observed that the texture of the washed mince 
was less firm and had lost its characteristic moistness, the effect of 
which was more apparent in the finished product, e.g. fish balls. Texture 
changes were also noted by Miyauchi ~ ~· (1975) who reported that washing 
the minced fish muscle well with chilled water to remove blood, flesh 
pigments, fat and other extractable constituents, improved the colour and 
odour and produced texture changes that helped stabilise the functional 
properties of the wet fish protein during frozen storage. 
The combi~ed washing and dewatering process led to an average weight 
loss of 30% 6ver several runs. This has to be taken into account when 
comparing the unwashed and washed minces. This loss is higher than the 
losses of 10-ZD% reported by Miyauchi (1972), however Miyauchi was work-
ing with mine~ from eviscerated fish and also the washed mince weight is 
dependent on the dewatering technique. 
4.2.3.1 Proximate analysis 
The results of the proximate analysis of the unwashed and washed 
mince ~rom raw sprats) are shown in Table 5 for two batches of sprats. 
The mince from batch 1 (sprats caught late October) were used in the fish 
ball formulation, the mince from ba~ch 2 (sprats caught late February) 
were used in the fish sausage formulation. 
The results indicate that there is a considerable loss in the crude 
protein, lipid and ash content during the washing process i.e. about so% 
of the crude protein is lost and about 60% of the lipid and ash. It is 
difficult to compare these losses with those obtained by previous workers 
since very little data on component losses have been reported. However 
Sorenson (1980) noted that high losses of soluble proteins occur on wash-
ing·"and Miyauchi ( 1972) noted high losses in lipids and lipoproteins, 
without giving definite figures. Tableros and Young (1981) reported lower 
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Table 5 Proximate analysis of unwashed and washed mince 11 ) 
Crude protein Lipid t~oisture • Ash 
Batch 1 mince 121 
Unwashed % composition 
Washed % composition 
% lass on washi~g 
Batch 2 mince(J) 
Unwashed % composition 
Washed % composition 
% lass on washing 
15.5 
( 0. 1 ) 
11.0 
( 0. 2) 
50 
15.0 
(0.0) 
11. 1 
( 0. 0) 
48 
1 2. 5 
( 0. 1 ) 
7.3 
( 0. 2) 
59 
13.0 
( 0. 1 ) 
6. 1 
( 0 • 1 ) 
67 
72.0 
(0.7)· 
80.6 
( 0 . 1 ) 
70.7 
( 0. 1 ) 
82. 1 
( 0 • 1 ) 
11 The % compositions are means of 4 determinations. 
Figures in brackets are standard deviations. The ;~ losses 
an washing are calculated taking into account the mean weight 
lass of 30% an washing. 
21 Fish caught in late October; mince used for fish balls. 
3) Fish caught in late February; mince used for fish sausages. 
1.4 
( 0 • 1 ) 
o.e 
( 0. 1 ) 
57 
1 .3 
(0.2) 
0.7 
( 0. 2) 
62 
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crude protein content in washed compared with unwashed mince from 
eviscerated Gulf croaker {Micropogonias altipinnis), 13.2~ com~ared 
with 18.6%. No figures are given for the actual losses in crude protein 
on washing, although based on the composition of the wash water effluent, 
losses apoear to be of the.order of 40-50%. 
It should be noted that in this investigation whole fish are used 
which gives exceptionally high yields of mince (see Section 4.2.1 ), due 
in part to inclusion of visceral material with the mince. During washing 
it is likely that much of this visceral material is removed accounting in 
part for the high losses. Even with these high losses, much of the 
nutritional value of the whole sprat is retained, i.e. over 40% of the 
crude protein, which is higher than is normally obtained by filleting 
such small fish (Ssali, 1981). The percentage retention of true protein 
was found to be higher than for crude protein as discussed in the next 
section .. 
4. 2.3. 2 True protein and non-protein nitrogen 
The experiment on true protein and non-proteiri nitrogen (NPN) 
analysis was carried out to assess if total losses in nitrogen reflected 
actual losses in true protein. Table 6 gives values for total nitrogen, 
crude protein, true protein nitrogen, and non-protein nitrogen for whole, 
unwashed and washed mince. 
Shewan (1951) recorded the following levels of non-protein nitrogen 
in fish muscle:flat fishes and gadoids (cod, haddock, etc.) about 9-14% 
of the total nitrogen and in the herring group, 14-18% whilst in the 
elasmobranch (skate, dogfish, etc.) they account for 34~38%. 
The NPN of whole sprat and sprat mince ( 34'% and 32% of the total 
nitrogen) is high compared with the values obtained by Shewan (1951) and 
Tarr (1958) for the herring group fish flesh. However'the values obtained 
in this study were for whole fish and the presence of various short 
peptides (which are TCA soluble) in the gut at various stages of digestion 
will have contributed to the high NPN content, as found by Ssali (1981) 
for Haplochromis spp. 
Table 6 Analysis of nitrogen in whole sprat and mince( 1 ) 
Percentage (l(,) 
Sample Total Crude True Protein True Non-protein NPN as 
Nitrogen Protein Nitrogen Protein Nitrogen % TPN 
( TPN) ( NPN) 
Whole sprats 2. 73 17.1 1. 79 11 • 20 0.94 34 
Unwashed mince 2.74 17.2 1. 77 11.7 0.67 32 
Washed mince 1.96 12. 3 1.46 9.1 0.50 26 
% loss on washing (2) 50 45 60 
1) Results are means of four determinations. Crude protein and true protein are calculated as total 
nitrogen or true protein nitrogen x 6.25. 
2) The % loss value take into account the weight loss on washing of 30%. 
-.J 
"' 
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Although 50% of the total nitrogen (and hence also crude protein) 
is removed by washing the loss of true protein is less, i.e~ 45%, since 
a higher proportion o.f the NPN, i.e. 60%, is lost. Thus, the apparent 
loss (i.e. reduced protein) caused by washing the mince is not as serious 
as appears from considering the crude protein loss, since a substantial 
part of the loss is NPN, which is generally accepted as having less 
nutritional significance, although contributing to overall flavour (Simidu, 
1961 ) • 
4 -2.3. 3 Microbiological assessment 
Two batches of sprats were used in the formulation of fish balls 
and fish sausage products. Batch 1 for the fish balls manufacture was 
immediately processed, whereas Batch 2 were stored frozen far about one 
month prior to being manufactured into fish sausages. 
The microbiological analyses were carried out immediately before· 
processing, i.e. for Batch .2 after frozen storage. Results for the 
whole sprats, unwashed and washed mince are given in Table 7. The results 
show that the microbial content of the raw material (Total Viable Count) 
2 2 a 1 is 2.6 x 10 (Batch 1) and 4.5 x 10 (Batch 2) at 25 C and 1.7 x 10 
(Batch 1) and 3.7 x 10 1 (Batch 2) at 37°C. The unwashed and washed mince 
although slightly higher than the• starting material have similar microbial 
loads at 102 micro-organisms per gram of sample with the frozen storage of 
Batch 2 having ·little apparent effect. All the samples however are accept-
able and fall below the limit of the ICMSF's (1978) standard on comminuted 
6 fish, 10 per gram of sample. All the samples were also found to be free 
from coagulase positive Staphylococci. The slightly higher bacterial load 
on the minced samples can be attributed to the mincing process which 
distributes the micro-organisms throughout the minces making readily avail-
able nutrients for bacterial growth during the period between mincing and 
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Table 7 Microbialogisal assessment gf whole fish. unwashed and washed 
minced sprats 
Total Viable Counts per gram Coagulase positive 
Samples of sample Staeh~locaq;i 
25°C 37°C 
Batch 
. 2 1 Whole fish 2.6x10 1 .7x 1 0 -ve 
Unwashed mince 3 x102 5.2x10 5 -ve 
'dashed mince 3 2 2.7x10 4.3x10 -ve 
ES~ts;h 2 ( 1 ) 
4.5x102 1 Whole fish 3.7x10 -ve 
Unwashed mince 3 2 7.1 x1 0 1 • 9x 1 0 -ve 
·6.4x103 2 Washed mince 1.8x10 -ve 
1) Assessed after 1 months frozen storage. 
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microbial assessment. Contamination during the mincing process may 
also be significant. 
It is observed that there is a small but insignificant decrease 
in the microbial loads in the washed minced sprats. Best (1981) in 
his studies on the microbial quality of ungutted and gutted minced 
sprats found similar results, i.e~ no significant difference. However, 
King (1973), Licciardello (1978) and Raccach and Eaker (1978) found 
significantly lower bacterial loads in the washed mince. A possible 
explanation is that in this investigation and Best's investigation 
(1981) the water used for washing was not chilled, unlike in most 
other reported studies, and different dewatering techniques were 
employed. 
4.3 Fish ball formulation and evaluation 
4.3 .1 Formulation. 
Fish ball products are popularly consumed in South-East Asian 
countries particularly in the Philippines and hence the production of 
fish balls produced from low value fish should be an acceptable product 
in the region. The possibility of the product being accepted in 
developed countries like the U.K. was also considered. 
The formulation used in the experiment was based on a standard 
Philippine procedure for fish balls manufacture. The ingredients in 
the formulation are: self-raising flour, spices (pepper, parsley, thyme) 
garlic, salt and monosodium glutamate and unwashed and washed mince 
(see Section 3 .1 ) • 
The fish balls products are divided into two batches. One batch 
was stored at chilled temperature, 4°C, while the other batch at frozen 
temper~ture, -25°C. Periodic assessment of the products was made. 
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4.3.2 Proximate analysis 
The results of the proximate analysis of the fish ball samples 
prepared from unwashed and washed mince are given in Table B. Results 
were obtained separately for batches that were to be stored differently 
(i.e. vacuum packed and non-vacuum packed; stored at 4°C and -25°C) 
in order to check that the batches did not differ significantly in comp-
osition. No significant differences were found between the batches for 
either the unwashed or washed mince fish balls. However the unwashed 
mince fish balls showed higher protein, lipid and lower moisture compared 
' 
with the washed batches. This reflects the composition of the mince used 
(see Section 4.2.3.1). The ash content of the fish balls is higher than 
that of the mince by about 3.6% because of the addition of salt and the 
carbohydrate content of the fish balls (about 16%) results from the 
addition of the self raising flour. The unwashed mince has a higher 
calorific value due mainly to the higher lipid content. 
4.3.3 Chilled storage 
The fish balls were stored in a refrigerator at 4°C toth vacuum 
and nan-vacuum packed. Microbiological and sensory assessments were 
made over a period of 21 days. 
4 • 3 •. 3 • 1 Microbiological assessment 
The microbiological results given in Table 9 indicate that there 
was no significant difference between the TVCs of the vacuum packed (VP) 
and non-vacuum packed (NVP) both incubated at 25°C and 37°C. There was 
an increasing bacterial count on the TVC from 0 to 21 days. Psychro-
trophs were presumably the organisms growing which was indicated by the 
more rapid increase at 25°C than 37°C. Potential health hazard organisms 
coagulase positive Staphvlococci, were not present in the samples. 
6 . 
The ICMSF (1978) limit for comminuted fish products is 10 organ~sms 
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Table 8 Proximate analvsis of uncooked fish balls 
5ample 
A. Unwashed 
mince fish 
balls 
1) Vacuum 
packed 
a) Stored at 
4°C 
b) Stored at 
-25°C 
2) Non-vacuum 
packed 
a) Stored at 
4°C 
b) StOJred at 
-25°C 
B. Washed mince 
fish balls 
1) Vacuum 
packed 
al Stored at 
4~C 
b) Stored at 
-25°C 
2) Non-vacuum 
packed 
a) Stored at 
4°C 
b) Stored at 
-25°C 
Crude 
( 1 ) 
Mean percentage composition 
Carbohydrate 
Calorific( 2 } 
value 
Protein· Lipid Moisture Ash (by difference) kcal/100g 
13.9 
( 0. 1 ) 
1 4. 1 
(0.0) 
13.9 
(0.0) 
1 4. 1 
(0.0) 
9 • 1 
(0.7) 
10. 1 
(0.0) 
9. 1 
( 0. 7) 
10.0 
(0.0) 
11 • 3 
(0.5) 
10.4 
(0.0) 
10.0 
(0.2) 
9.9 
( 0. 1 ) 
6.6 
(0.0) 
7.0 
(0.0) 
7-1 
(0.4) 
6.4 
( 0.6) 
55.1 
(0.4) 
54.8 
( 0. 4) 
56.1 
(0.4) 
54.5 
(0.6) 
63.3 
( 0.3) 
60.6 
( 0.4) 
61.7 
( 0. 6) 
56.4 
( 0.5) 
5. 1 
( 0. 1 ) 
4.9 
( 0.4) 
5.2 
(0.0) 
5.0 
(0.2) 
4.4 
( 0. 1 ) 
4.2 
(0.3) 
4.3 
( 0. 1 ) 
4.3 
( 0. 1 ) 
14.6 216 
15.8 213 
14.8 205 
16.5 212 
16.6 162 
1 8 -1 176 
17 .B 172 
20.9 181 
1) Mean of four determinations. Figures in bracket are standard deviations. 
2) Calculated values using factors of 9 kcal/g for lipid, 4 kcal/g for protein 
and 4 kcal/g for carbohydrate (Davidson~ al., 1979). 
Table·9 
Storage 
time 
Days 
0 
7 
14 
21 
Storage 
time 
Days 
0 
7 
14 
21 
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t·Hwrob i a log ica 1 0 assessment of uncooked fish balls sto~ed 3t 4 C 
Unwashed mince fish balls 
Total Viable Counts per gram of sample Coagulase 
2s 0 c 37°C positive 
VP NVP VP NVP Staphylococci 
4 4 3 3 6.1x10 6.7x10 6.0x10 7.5x10 -ve 
5 5 4 4 2.8x10 2.5x10 5.2x10 6.3x10 -ve 
6 6 5 5 1 .3x10 1.5x10 4.Bx10 5.2x10 -ve 
7 5.2x107 6 6 5.5x10 4.5x10 5.1x10 -ve 
Washed mince fish balls 
Total Viable Coun.ts per gram of sample Coagulase 
25°C 37°C positive 
VP NVP VP NVP Staphylococci 
4 4 3 3 5.7x10 5.1x10 5.4x1D 5.0x10 -ve 
5 5 4 4 2.5x10 2.2x10 3 x1D 3.5x10 -ve 
1. 2x 1 0 6 1 • 4x 10 6 4.2x10 5 4.5x10 5 -ve 
7 7 6 6 4.9x10 5.0x10 4.4x10 4.9x10 -ve 
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per gram (see Section 2.5.2.3). Both the unwashed and washed mince fish 
balls reached this limit at about 14 days and were well above the limit 
by 21 days. 
4.3.3.2 Sensory evaluation 
A, Uncooked fish balls 
Tables10 and 11 and Fig. 10 give the results of·the sensory evalua-
t~on of the uncooked fish balls manufactured from unwashed and washed 
0 
mince and stored at 4 C over 21 days. The sensory parameters evaluated 
were a) colour, b) surface texture and c) odour. Table 12 indicates 
the significance of the washing treatment in relation to the sensory 
parameters and Table 13 the significance of the packaging method in 
relation to the sensory parameters •. 
a) Colour 
Photographs of the fish balls manufactured from unwashed and 
washed mince, vacuum packed and non-vacuum packed and stored for 7 days 
are given in Plate 2. It is seen that fish balls made from washed mince 
are lighter in colour than those from unwashed mince. 
No significant trends are observed in the sensory assessment of 
colour of the fish balls over the storage period, however the washed 
mince fish balls have a lighter colour throughout the storage period for 
both vacuum packed and non-vacuum packed, as indicated by the results in 
Tables 10 and 11 and Fig. 10, and this difference is found to be signifi-
cant at the p~0.01 level (see Table 12). The packaging does not have 
any significant effect lp>O.OS) on the colour for both unwashed and 
washed samples lsee Table 13). 
b) Surface texture 
No definite trends could be observed in the surface texture aver 
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Table 10 Summar~ of me§n §ensa~~ scores fo;;: uncooked unwashed mince 
fish balls 0 ( 1 ) stored at d C 
Storage Mean Score (5 point scale)(2) 
time With Unwashed Mince 
Colour Surface texture Odour 
Days ·VP NVP VP NVP VP NVP 
0 4.00 4.25 3.00 3.50 2.50 2.50 
(0.00) (0.50) (0.82) ( 1. 29) ( 0. 58) (0.58) 
7 3.50 3.50 2. 75 2.75 3.25 2.75 
(0.58) (0.58) (0.96) (0.96) ( 1 • 71 ) ( 1 • 25) 
14 3.75 3.50 3.00 3.50 3.25 3.25 
( 0. 96 ) (0.56) (0.82) ( 1 • DO) ( 0. 96) ( 1 • 26) 
21 4.50 3.75 3.25 3. DO 3 .so 3.75 
( 1. 0) (0.50) ( 0. 96 ) (0.82) ( 0. 58) ( 1. 26) 
1) Mean scores of four panellists. Figures in bracket are standard 
deviations. 
2) Score range from 1-5, where; a) colour (degree of darkening) 
1 = pale grey, 5 • dark grey; b) surface texture (by thumb pressure) 
1 = very soft, 5 = hard; c) odour, 1 = no odour, 5 = strong odour. 
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Table 11 Summa~~ of meE!n sen§O:!;:~ sco~g§ fa~ un~goked ~~shed minr;,e 
fish balls 
0 ( 1 ) 
stgred at 4 C 
Storage Mean Score ( 5 . ) ( 2) po~nt scale 
time With Washed Mince 
Colour Surface texture Odour 
Days VP NVP VP NVP VP NVP 
0 2.00 1. 75 2.50 2.25 2.75 2.5 
(0.82) (0.50) ( 1 • 00) ( 0. 50) ( 0. 96 ) (0.58) 
7 1.25 2.25 2.00 2.25 2.50 2.50 
(0.50) ( 0. 50) (0.00) (0.50) ( 1 .00) ( 1 • 00) 
14 1. 75 1.25 2.00 2.00 2.50 2.25 
(0.50) ( 0. 50) (0.82) (0.82) ( 1. 29) ( 1 • 26) 
21 2.75 1.25 2.00 2.25 2.00 2.00 
( 0 .so) (0,50) (0.00) (0.50) ( 0. 82) (0.82) 
1) Mean scores of four panellists. figures in brackets are standard 
deviations. 
2) Scores range from 1-5 where: a) colour (degree of darkening) 
1 = pale grey, 5 = dark grey; b) surface texture (by thumb pressure) 
1 = very soft, 5 = hard; c) odour 1 = no odour, 5 = strang odour. 
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Table 12 The significance of washing on the sensorv parameters of uncooked fish balls stored at 4°C 
Values of Student's t and levels of significance of difference in scores (at O, 7, 14 and 21 days) 
for unwashed versus washed samples. 
Sensory parameter 
and packaging 
a) Colour 
VP 
NVP 
b) Surface texture 
VP 
NVP 
c) Odour 
VP 
NVP 
V 1 f d 1 f . "f" (1) a ues o t an evels a s1gn1 1cance Y = 3 degrees of freedom 
Not significant 
7 0.05 
Probably significant 
.::. 0.05-0.01 
3.64 
3.70 
Significant 
,(. 0. 01-0.001 
7.55 
10.00 
7.56 
Highly significant 
...::.. 0.001 
1 5. 39 
1) Levels of significance and degree of freedom from Murdoch and Barnes ( 197 4). 
"' 0 
Table 13 The significance of packaging method on the sensory parameters of uncooked fish balls stored at 4°C 
Values of Student's t and levels of significance of differences in scores (at 0, 7, 14 and 21 days) 
for vacuum packed versus non-vacuum packed samples. 
Sensory parameter 
and washing treatment 
al Colour 
Unwashed 
Washed 
b) Surface texture 
Unwashed 
Washed 
c) Odour 
Unwashed 
Washed 
V 1 f t d 1 1 f . 'f' (1) a ues o an eve s o s1gn1 1cance Y = 3 degrees of freedom 
Not significant 
7 0.05 
0.97 
1. 11 
1 • 31 
0.63 
0.29 
0.86 
Probably significant 
.:::.. 0.05-0.01 
Significant 
.:::.. 0.01-0.001 
Highly significant 
.:::.. 0.001 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
I 
"' 
Plate 2 Uncooked fish b~lls 
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FISH BALLS 
UNCOOKED 
VACUUM-PACKED 
NON-VACUUM PACKED 
UNWASHED 
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the storage period. The samples from the unwashed mince had a harder 
texture than the samples from the washed mince and this was significant 
for the vacuum packed (p~0.01) and highly significant for the non-vacuum 
packed (p~O.D01) (see Table 12). The difference in the texture is a 
reflection of the starting material i.e. the washed mince which has a 
high moisture content was found to be softer than the unwashed. 
No significant difference (p>D.OS) was found when samples were 
compared on the basis of different types of packaging (see Table 13). 
cl Odour 
As seen in Tables 10 and 11 and Fig. 10 for vacuum packed and non-
vacuum packed, unwashed samples increased in odour intensity with storage 
time whereas the reverse trend was observed with the washed vacuum packed 
and non-vacuum packed. The greater odour intensity of the unwashed 
compared with .the washed·was found to be probably significant (p40.05) 
for both packaging methods. The packaging method itself had no signif-
icant effect on odour. 
The variation in odour intensities on storage does not appear to be 
reflected by similar trends in bacteriological results (see Section 4.3.3.1) 
but could possibly be due to rancidity development or an autolytic process, 
both of which could be expected to be more rapid in the samples from the 
unwashed mince. However rancidity development would be expected to be 
more rapid in the nan-vacuum packed compared with the vacuum packed; 
this was not observed in these results. 
The results on the uncooked samples stared at 4°C therefore indicate 
that washing has a significant effect on the three sensory parameters 
evaluated. Whether this affects the overall consumer acceptability of 
the product (which is normally sold uncooked) needs to be assessed separ-
ately with the appropriate consumer taste panels. However these results 
clearly indicate that the two types of product (unwashed and washed) can 
be readily distinguished. The effect of packaging was not a major factor 
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as no significant difference was obtained on compa=ing the vacuum packed 
with the non-vacuum packed for both the unwashed and washed samples. 
Microbiological quality seems to be the limiting factor in chilled 
storage of fish balls from both unwashed and washed mince rather than 
changes in sensory parameters. 
B. Cooked fish balls 
Tables 14 and 15 and Figs. 11 and 12 give the results of the 
sensory evaluation of the cooked fish balls prepared from the uncooked 
0 fish balls which were stored .at 4 C over 21 days. The sensory parameters 
evaluated were:- a) colour, b) surface texture, c) odour, d) saltiness, 
e) rancidity and f) general fish flavour. Table 16 indicates the 
significance of the washing treatment in relation to the sensory para-
meters and Table 17 the significance of the packaging method in relation 
to the sensory parameters. 
a) Colour 
Photographs of cooked fish balls manufactured from unwashed and 
washed mince, vacuum packed and non-vacuum packed are given in Plate 3. 
It is seen that fish balls made from washed mince are lighter in colour 
than those from unwashed mince. 
No definite trend is observed in the sensory assessment of colour 
over the storage period although all four samples are darker in colour 
at day 21 than day D. The washed minced fish balls have lighter colour 
throughout the storage period for both vacuum packed and non-vacuum 
packed as indicated by the results in Tables 14 and 15 and Fig. 11. 
The Student's t test results in Table 16 indicate a significant differ-
ence (pL.0 •. 01) between the unwashed and washed samples. No significant 
difference on the effect of packaging was observed (see Table 17). 
b) Surface texture 
No definite trends could be observed on the surface texture over 
the storage period. The samples from the unwashed mince had a harder 
scores for cooked unwashed fish balls ereviousl~ 0 ( 1 ) Table 14. Summar~ of mean sensor~ mince stored at 4 C 
Storage Mean Score ( 5 point scale)(Z) 
Time With Unwashed Mince 
Surface Taste General 
Colour texture Odour Saltiness Rancidity Fish flavour 
Days VP NVP VP NVP vp NVP VP NVP VP NVP VP 
0 3.5 3.75 3.5 3.75 4.0 4.0 2.75 3.5 1.S 1.5 4.0 
(0.58) ( 1. 89) (0.58) (1.89) (0.00) (0.00) (0.50) (0.58) ( 1 • DO) ( 1 . DO) (0.00) 
7 4.00 4.25 4.00 4.5 4.25 4.25 3.00 3.75 2.00 1. 75 4.00 
(0.00) (0.5) (0.00) ( 0. 56) (0.50) (0.50) (1.41) ( 1 • 89) (0.82) (0.96) (0.00) 
14 4.25 4.75 3.50 3.75 4.25 4.00 3.25 3.00 2.50 2.25 3.75 
(0.50) (0.50) (0.58) (0.50) (0.50) (0.00) ( 0.96) (1.16) ( 1 • 29 ) (0.96) (0.50) 
21 4.75 4.00 4.50 4. 50 3.5 4.00 4.00 3.25 2.00 2.25 3.75 
(0.50) (0.82) (0.58) ( 0.58) (1.73) (0.00) (0.82) (0.50) (0.82) (0.96) ( 0. 96) 
1 ) Mean scores of four panellists. figures in brackets are standard deviations. 
2) Scores range of 1-5 where: a) colour (degree of browness, high scores represent darker colour) 
1 = pale brown, 5 = dark brown; b) surface texture (by thumb pressure),· 1 · =. very soft, 5 = hard; 
cl odour, 1 • no 6d~ur, 5 = strong odour; d) saltiness, 1 = lacks salt, 5 = very salty; 
el rancidity (whether there is pronounced rancidity in the product) 1 = not rancid, 5 = extremely· rancid; 
f) general fish flavour, 1 = no fishy flavour 5 = strong fishy flavour. 
NVP 
4.0 
(0.00) 
3.5 
(0.58) 
3.25 
(0.96) 
3.50 
( 1 • DO) 
"' <.n 
Table 15 Summar~ of mean sensor!l scores for cooked !!!BShed mince fish balls ~reviousl:!l stored at 4 oc ( 1 ) 
Storage Mean Score (5 point scalel( 2 ) 
time With Washed Mince 
Surface Taste General 
Colour texture Odour Saltiness Rancidity Fish flavour 
Days VP NVP VP NVP VP NVP VP NVP VP NVP 
0 2.25 2.5 2.5 2.75 2.25 2.5 2.5 2.5 1.5 1.5 
( 0. 5) (0.58) (0.56) (0.50) (0.50) ( 0.58) (0.58) (0.58) ( 1 • DO) ( 1 • DO) 
7 2.25 3.00 2.50 2.75 2.50 2.50 2.75 2.5 1. 50 1 • 50 
(0.50) (0.00) (0.58) (0.50) (0.58) (0.58) (0.96) ( 1 • DO) ( 1 • DO) ( 1 • DO) 
14 2.25 3.00 2.25 2.50 2.00 2.25 3.00 2.50 1. 75 1 • 5 
(0.50) (0.00) ( 0. 96) (D.!;j8) (0.00) (0.50) (0.82) ( 0. 58) (0.96) ( 0. 58) 
21 3.25 3.00 2.50 3.25 2.75 2.00 3.25 3.25 1.5 1.25 
( 1 • 26) (0.82) ( 1 • DO) (0.50) (0.50) (0.00) ( 1 • 26 ) ( 1 . 26 ) (0.58) ( 0. 50 ) 
1) Mean scores of four panellists. Figures in brackets are standard deviations. 
2) Scores range of 1-5 where: a) colour (degree of browness, high scores represent darker colour) 
1 =pale brown, 5 =dark brown; b) surface texture (by thumb pressure), 1 =very soft, 5 = hard; 
c) odour, 1 = no odour, 5 = strong odour; d) saltiness, 1 = lacks salt, 5 = very salty; 
VP 
1. 75 
( 0. 96) 
1. 75 
(0.96) 
2.25 
(0.50) 
2.25 
(0.50) 
e) rancidity (whether there is pronounced rancidity in the product) 1 =not rancid, 5 = extremely rancid; 
f) general fish flavour, 1 = no fishy flav~ur 5 = strong fishy flavour. 
NVP· 
2.00 
(0.00) 
2.00 
(0.00) 
2.00 
(0.82) 
2.25 
(0.50) 
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Table 16 The significance of washing on the sensory parameters of cooked fish balls 
Values of Student's t and levels of significance of differences in scores (at 0, 7, 14 and 21 days) 
for unwashed .versus washed samples. 
Sensory parameter Values of t and levels of significance 
( 1 ) y 3 degrees of freedom = 
and packaging Not significant Probably significant Significant Highly significant 
7 o.os "' 0.05-0.01 ~ 0.01-0.001 ..::. 0,001 
al ColouJ: 
VP 6.39 
NVP 7.71 
b) Surface textu[e 
VP 9.29 
NVP 7.56 
c) Ddou~: 
VP 9.54 
NVP 18.42 
d) Saltiness 
VP 1.67 
NVP 3.94 
el Rancidity 
VP 3.26 
NVP 4.25 
f) Gen. fish flavour 
VP 1 0. 09 
NVP 14.00 
1 ) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
"' 
"' 
Table l7 The significance ~f packaging method on the sensory parameters of cooked fish balls 
Values oft and levels of significance of differences in scores (at 0, 7, 14 and 21 days) 
for vacuum packed versus non-vacuum packed samples. 
Sensory parameter V 1 f t d 1 1 f . "f" ( 1) a ues o an eve s a s1gn1 1cance V = 3 degrees of freedom 
and washing treatment Not significant 
;> 0. OS 
a) Colour 
Unwashed 
\olashed 
b) Surface texture 
Unwashed 
Washed 
cl Odour 
Unwashed 
Washed 
d) Saltiness 
Unwashed 
Washed 
e) Rancidity 
Unwashed 
Washed 
f) Gen. fish flavour 
Unwashed 
Washed 
0.2S 
2.00 
1.09 
o.so 
o.so 
0.61 
1.14 
0. 15 
1.8S 
0.57 
Probably significant· 
.t O.DS-0;01 
2.44 
Significant 
L. 0.01-0.001 
4.63 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
Highly significant 
L. 0.001 
'· -
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texture than the samples from the washed mince and this was significant 
for both the vacuum packed and non-vacuum packed (p~0.01). This agrees 
with the results for the uncooked fish balls and relates to the moisture 
content of the samples. 
No significant difference (p70.05) was found in the unwashed 
samples when compared on the basis of different types of packaging. 
However the effect of packaging was significant (p40.01) on the washed 
fish balls (see Table 17). 
c) Odour 
The odour of both the cooked unwashed and cooked washed samples 
did not change significantly against time. However there was a 
significantly more intense odour for the unwashed samples compared with 
the washed samples. The Student's t test showed significant difference 
(pL0.01) between the unwashed-and washed samples vacuum packed and was 
highly significant (p4 0.001) for the non-vacuum samples. No significant 
difference in the effect of packaging was observed. 
d) Saltiness 
No obvious trends are apparent in the saltiness of the sample during 
storage, this is as expected. However the washed samples appear to be 
slightly less salty than the unwashed (significant at the P' 0.05 level 
for the non-vacuum packed) possibly due to removal of some naturally 
present salt on washing. 
e) Rancidity 
There is an increasing rancidity with the unwashed samples, while 
for the washed there is a decreasing pattern (see Tables 14 and 15 and 
Fig. 121. The use of vacuum packaging did not seem to improve the 
product from the point of decreasing rancidity scares. 
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f) General fish flavour 
No significant trend against time could be observed. Fig. 12 and 
Tables 14 and 15 show a marked difference on the fish flavour of 
unwashed and washed fish balls, the unwashed having stronger flavour 
than the washed. The Student's t test (Table 16) showed that the fish 
flavour differences are highly significant (p.4 0.001). In general · 
packaging has no significant effect except for unwashed vacuum packed 
versus non-vacuum packed which is probably significant (p.O: 0.05). 
The sensory results for the cooked samples for the colour, surface 
texture and odour reflec~ those for the uncooked samples, i.e. washed 
have lighter colour, softer texture and less odour than unwashed. The 
odour difference is more distinct for the cooked, particularly during 
the early· stages of storage. The general fish flavour is also more 
intense for the unwashed compared with the washed. Saltiness shows 
little variation between washed and unwashed, but rancidity seems to 
develop more rapidly in the unwashed. 
The results clearly indicate that the two types of product (unwashed 
and washed) can be readily distinguished. Whether this affects the 
overall acceptability of the product needs to be assessed separately 
with the appropriate consumer taste panel. In particular the intensity 
of general fish flavour may be considered a favourable or unfavourable 
feature by different consumer panels and slight rancidity development 
may be considered favourable by some consumers. 
4 .3 .4 Frozen storage 
The fish balls were stored in a freezer at -25°C both vacuum and 
non-vacuum packed. Microbiological and sensory assessments were made 
over a period of 91 days. 
4.3.4.1 Microbiological assessment 
The results of the microbio'logical assessment of fish balls stored 
at -25°C is given in Table 18 and Table 19. Freezing has caused a decline 
in the numbers of micro-organ·isms because the cells v-1hich are still viable 
after freezing gradually die off when stored in a frozen state. No 
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Table .18 Microbiqlqgical assessment of yncogked f~sh balls $tared at -25°C 
Unwashed mince fish balls 
Storage Total Viable Counts per gram of sample Coagulase 
.time 25°C 37°C positive 
Days VP NVP VP NVP Staphylococci 
4 4 3 3 0 6.1x10 6.7x10 6.0x10 7.Sx10 -ve 
"3 3 2 2 21 5.Bx10 6.1x10 5.5x10 6.2x10 . -ve 
35 4.7x10 3 
- 3 2 2 5.7x10 4.9x10 S.Bx10 -ve 
49 3.9x103 3 2 
. 2 
5.2x10 3.Bx10 4.6x10 -ve 
63 3.7x103 4.Bx10 3 3.3x10 2 4.2x10 2 -ve 
77 3.3x1D2 2 2 2 4.3x10 2.Bx10 3.5x10 -ve 
91 2.9x1D2 2 2 2 3.5x10 2.4x10 3.2x10 -ve 
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Table 19 Microbiological assessment of uncooked fish balls stored at -25°C 
Washed mince fish balls 
Storage Total Viable Counts per gram of sample Coagulase 
time 25°C 37°C positive 
Days VP NVP VP NVP Staehl£lococci 
0 4 4 3 3 5.1x10 5.7x10 5 .4x1 0 5.0x10 
-ve 
21 3 3 2 2 5.0x10 5.2x10 4.Bx10 4.9x10 
-ve 
35 4.8x103 3 2 2 4.9x10 4.4x10 4.2x1D 
-ve 
49 3.9x103 3 x102 2 4.3x10 4. 4 x1D -ve 
63 3.5x103 x103 2 2 4 3.8x10 3.9x10 -ve 
77 3.2x1D2 2 2 2 3.5x10 3.2x10 3.4x10 -ve 
91 2.5x1D2 2 2.7x1D 2 2 2.9x10 2.9x1D 
-ve 
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significant difference in the TVCs of the unwashed and washed (vacuum 
~acked and non-vacuum packed) samples was shown from 0 to 91 days of 
storage. The results also show that the TVCs are within the acceptable 
6 limit (10 per gram of sample) for comminuted products, set by the 
ICMSF (1978). 
The samples were found to be free from coagulase positive 
Staphylococci. The results indicate that the fish balls from bath 
unwashed and washed mince are microbiologically acceptable after 91 
0 days of storage at -25 C. 
4.3.4 .. 2 Sensory evaluation 
A. Uncooked fish balls 
a) Colour 
The results in Tables 20 and 21 and Fig. 13 indicate that the 
fish balls made from the washed mince are lighter in colour than those 
from unwashed mince. The colour scores of all the samples decrease 
slightly aver the first three weeks then tend to increase slightly aver 
the next ten weeks. However the washed minced fish balls have a lighter 
colour throughout the storage period far both vacuum packed and non-
vacuum packed and this difference is found to be highly significant at 
the p~0.001 level (see Table 22), The packaging does not have any 
effect (p70.05) on the colour for both unwashed and washed samples 
(see Table 23). 
b) Surface texture 
No definite trends could be observed on the surface texture over 
the storage period. The samples from the unwashed mince had a harder 
texture than the samples from the washed mince and this was highly 
significant far both vacuum packed and non-vacuum packed (p40.001) (see 
Table 22). As mentioned in Section 4.3.3.2 the difference in texture of 
~he unwashed and washed fish balls is a reflection of the starting 
material, i.e~ the washed mince which has a high moisture content was 
found to be softer than the washed. 
No significant difference (p70.05) was found when samples were 
compared on the basis of different types of packaging (see Table 23). 
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Table 20 Summary of mean sensory scores for uncooked unwashed mince 
fish balls at -25°C ( 1 ) 
Storage 
time 
Days 
0 
21 
3S 
49 
63 
77 
91 
Colour 
VP 
4.00 
(0,00) 
3.SO 
( 1. 29) 
3.SO 
( 1 • 29 ) 
3.SO 
(0.58) 
4.SO 
< o .sal 
3.7S 
( 0 .so) 
3.75 
(0.96) 
NVP 
4.2S 
(0.50) 
3.75 
(0.96) 
3.50 
( 0.5 8) 
3.75 
(0.50) 
4.00 
(0.00) 
4.25 
(0.50) 
4.25 
( 0 .so) 
( 2) Mean Score (S point scale) 
With Unwashed Mince 
Surface texture 
VP 
3.00 
(0.82) 
2.50 
( 1 • 00) 
3.25 
(0.96) 
3.25 
( 1 • 26) 
3 .so 
( 0.58) 
3.00 
( 0 .oo) 
3.50 
(0.58) 
NVP 
3.50 
( 1 • 29) 
3.25 
(0.96) 
3. 50 
( 1 • 29) 
3.50 
( 1 • 29) 
3. 50 
(0.58) 
3.00 
( 0, DO) 
3.50 
( 0 .58) 
Odour 
VP 
2. 50 
( 0. 58) 
2. 25 
( 0. 50) 
2.75 
( 0 .so) 
3.50 
( 0. 58) 
3. 75 ' 
( 0. 50) 
3.75 
(0.96) 
3.25 
( 0. 50) 
NVP 
2.50 
(0.68) 
2.50 
(0.58) 
3.00 
(0.82) 
4.00 
(0.82) 
3.75 
( 1. 26) 
3.75 
(0.96) 
3.5 
(0.58) 
1) Mean sensory scores of four panellists. Figur~s in brackets are 
standard deviations. 
2) Scores range from 1-5 where: a) colour (degree of darkening) 
1 = pale grey, 5 = dark grey; b) surface texture (by thumb pressure 
1 = very soft, 5 = hard; c) odour 1 = no odour, 5 = strong odour. 
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Table 21 Summary of mean sensory scores for uncooked washed mince 
fjsh balls stared at -?S°C( 1 ) 
Storage Mean Score ( 5 point scale)(Z) 
time 'rli th Washed Mince 
Colour Surface texture Odour 
Days VP NVP VP NVP VP 
0 2.00 1. 75 2.50 2.25 2. 75 
( 0. 82 ) (0.50) ( 1 • DO) (0.50) (0.96) 
21 1.25 1.25 2 •. 25 2.50 1. 75 
(0.50) (0.50) (0.50) ( 1 • DO) (0.96) 
35 1.50 1.50 1. 75 1 • 75 3.00 
(0.58) ( 1 • DO) (0.50) ( 0. 50) (0.82) 
49 1 . 50 1. 75 2.5 3.25 2.50 
(0.58) (0.96) (0.58) (0.96) ( 1 • DO ) 
63 2.75 1.5 2.75 2.25 3 .DO 
77 1. 75 2.75 2.00 2.00 3.00 
(0.96) (0.96) (0.00) (0.00) (0.82) 
91 2.5 2.25 2.25 2.25 3. 25 
(0.58) (0.50) ( 0. 50) ( 0. 50) (0.96) 
NVP 
2.50 
(0.58) 
2.00 
(1.15) 
3.25 
( 0. 96) 
2.50 
( 1 • DO) 
2.75 
3.25 
(0.50) 
3.25 
(0.96) 
1 ) Mean scores of four panellists. Figures in brackets are standard 
deviations. 
2) Scores range from 1-5 where: a) colour (degree of darkening) 
1 = pale grey, 5 = dark grey; b) surface texture (by thumb pressure) 
1 = very soft, 5 = hard; cl odour 1 = no odour, 5 = strong odour. 
' I 
.L 
i 
.~3 
~ _I 
' ' ..
: 
a 
'J 
• 
• J 
2 
J 
" 
" 
Odo•u· 
21 
" 
- 109 -
: 
,, 
" 
n 
" 
..:.; 17 
" 
.. 11 
" 
Fig. 13 Variation in sensorv parameters for uncooked mince fish CalJs 
stored at -25°c. 
··~--~·· Unwashed VP; 
Q>---~_0 \vashed VP; 
Unwashed i'JVP; 
'rlashed NVP. 
Table 22. The significance of washing on the sensory parameters of uncooked fish balls stored at -25°C 
Values of Student's t and levels of significance of differences in scores (at 0 to 91 days) 
for unwashed versus washed samples. 
Sensory parameter 
and packaging 
Colour 
Vf' 
NVP 
Surfilce texture 
Vf' 
NVP 
Odour 
VP 
NVP 
V 1 f d 1 1 f .. f. (11 a ues o t a~ eve a a s1gn1 1cance V = 6 degrees of freedom 
Not significant 
/ 0.05 
1.70 
Probably significant 
~ 0.05-0.01 
2.36 
Significant 
"' 0.01-0.001 
Highly significant 
"" 0. 001 
10.71 
13.83 
6.43 
8.33 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
0 
Table 23 0 The significance of packaging method on the sensorv parameters of uncooked fish balls stored at -25 C 
Values of Student's t and levels of significance of differences in scores (at 0 to 91 days) for 
vacuum packed versus non-vacuum packed samples. 
Sensory parameter 
and washing treatment 
Colour 
Unwashed 
Washed 
Surface texture 
Unwashed 
Washed 
Odour 
Unwashed 
Washed 
V f 1 1 f .. f. (1) alues o t and eve s o s1gn1 1cance ~ = 6 degrees of freedom 
Not significant 
';I' 0.05 
1.32 
0.34 
2.36 
0.19 
D. 77 
0.27 
Probably significant 
,.:; 0.05-0.01 
Significant 
~ D.D1-D.DD1 
Highly significant 
"' 0.001 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
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cl Odour 
The odour scores for both the unwashed and washed samples vacuum 
packed and nan-vacuum packed increased over the thirteen week storage 
period, although the increase was erratic, particularly for the washed 
mince fish balls, as indicated in Tables 20 and 21 and Fig. 13. On 
comparing the unwashed with the washed mince fish balls the odour was 
not significantly different for the vacuum packed and only probably 
significantly different {p~ D.DS) for the non-vacuum packed samples. 
The odour was not affected by ~he packaging method {see Table 23). 
The increase in odour could be due to autoxidation or to autolysis, 
however washing and/or vacuum packaging would be expected to affect the 
rates of these processes. 
D The results on the uncooked samples stored at -25 C therefore 
indicate that washing had a significant effect on colour and surface 
texture whilst not affecting the odour to the same extent. The effect 
of the packaging methods was not significant since no difference was 
obtained on comparing the vacuum packed and non-vacuum packed for both 
the unwashed and washed samples. Both the unwashed and washed mince 
fish balls were found to be microbiologically acceptable up to 91 days 
of storage. 
B) Cooked fish balls 
. Tables 24 and 25 and Figs. 14 and 15 give the results of the sensory 
evaluation of the 
which were stored 
cooked fish balls prepared from uncooked fish balls 
0 
at -25 C for up to 91 days. The sensory parameters 
evaluated were:- al colour, b) surface texture, cl odour, d) saltiness, 
e) rancidity and f) general fish flavour. Table 26 indicates the 
significance of the washing treatment in relation to the sens6ry para-
meters and Table 27 the significance of the packaging metho2 in relation· 
tci sensory parameters. 
a) Colour 
Only small changes occur in colour during the storage period. ·However 
the fish balls made from the washed mince have lighter colour compared 
Table 24 
Storage 
time 
0 (1) Summary of mean sensory scores for cooked unwashed mince fish balls previously stored at -25 C 
Mean Score (5 point scalel( 2 ) 
With Unwashed Mince 
Surface 
Colour texture Odour Saltiness Rancidity 
General 
Fish flavour 
Days 
0 
21 
35 
49 
63 
17 
91 
VP 
3.50 
(0.58) 
4.00 
(1.41) 
4.00 
(0.82) 
4.50 
(0.58) 
4.25 
( 0. 59 ) 
3.75 
(0.50) 
3.50 
(0.58) 
NVP 
3.75 
( 1 • 89) 
3.75 
(0.50) 
4.25 
(0.96) 
4.00 
(0.82) 
3.50 
( 1 • 29) 
4.00 
(0.00) 
4.75 
(0.50) 
VP 
].50 
( 0. 58) 
4.75 
(0.50) 
4.00 
(0.00) 
4.50 
(0.58) 
4.50 
(0.58) 
3.75 
(0.50) 
4.25 
(0.50) 
NVP 
3.75 
( 1. 89) 
4.50 
(0.57) 
4.50 
(0.58) 
4.00 
(0.82) 
3.75 
( 1 • 26) 
4.00 
(0.82) 
4.25 
(0.96) 
VP 
4.00 
(0.00) 
4.25 
( 0. 96) 
3.50 
(0.58) 
4.25 
(0.50) 
3.75 
(0.50) 
].50 
(0.58) 
4.25 
(0.50) 
NVP 
4.00 
(0.00) 
3.75 
(0.50) 
].50 
(0.58) 
3.50 
(0.58) 
3.50 
( 0. 58) 
3.50 
(0.58) 
5.00 
(0.00) 
VP 
2.75 
(0.50) 
3.00 
(0.82) 
3.00 
(0.82) 
3.00 
(0.82) 
3.00 
(0.82) 
3.00 
(0. 82) 
3.50 
(0.58) 
NVP 
3.5 
(0.58) 
3.0 
( 1. 0) 
3.25 
(0.96) 
2.75 
(0.96) 
3.00 
(0.82) 
2.75 
(0.96) 
3.00 
(0.82) 
1) Mean scores of four panellists. Figures in brackets are standard deviations. 
VP 
1 • 50 
( 1 • 50 ) 
1. 75 
(0.96) 
1. 75 
(0.96) 
2.25 
(0.50) 
2. DO · 
(0.82) 
2.50 
(0.58) 
2.00 
(0.00) 
NVP 
1.50 
( 1 • DO) 
1. 75 
(0.96) 
1. 50 
( 1 • DO) 
1.50 
(0.58) 
2.25 
(0.50) 
2.75 
(0.50) 
2.50 
(0.58) 
2) Scores range of 1-5 where: a) colour (degree of browness, high scores represent darker colour) 
1 ; pale brown, 5 ; dark brown; b) surface texture (by thumb pressure), 1 ; very soft, 5 ; hard; 
c) odour, 1 ; no odour, 5 ; strong odour; d) saltiness, 1 ; lacks salt, 5 ; very salty; 
VP 
4.00 
(0.00) 
4.00 
(0.82) 
4.00 
(0.00) 
3.75 
(0.96) 
4.00 
(1.15) 
4.00 
(0.00) 
3.75 
{0.50) 
e) rancidity (whether there is pronounced rancidity in the product) 1 ; not rancid, 5 ; extremely rancid; 
f) general fish flavour, 1 = no fishy flavour, 5 ; strong fishy flavour. 
NVP 
4.00 
(0.00) 
3.50 
(0.58) 
3.75 
(0.50) 
3.25 
(0.96) 
3.25 
( 1 • 25) 
4.00 
(0.00) 
4.25 
(0.50) 
w 
Table 25 Summary of mean sensory scores for cooked washed mince fish balls previously stored at.-25°C( 1 ) 
Storage Mean Score (5 point scale)( 2 ) 
time With Washed Mince 
Days 
0 
21 
35 
49 
63 
77 
91 
Colour 
VP 
2.25 
(0.50) 
2.25 
(0.95) 
2.25 
( 0.50) 
3.00 
(0.00) 
2.50 
(0.56) 
2.75 
( 0. 50) 
2.75 
(0.96) 
NVP 
2.50 
(0.56) 
2.50 
(0.56) 
2.75 
( 0 • .50) 
2.25 
(0.50) 
2.75 
(0.50) 
2.50 
(0.56) 
2.75 
(0.50) 
Surface 
texture 
. VP 
2.56 
(0.56) 
3.00 
(0.00) 
3.00 
(0.00) 
3.00 
(0.62) 
3.25 
(0.50) 
2.75 
(0.50) 
3.75 
(0.96) 
NVP 
2.75 
(0.50) 
3.00 
(0.00) 
2.75 
(0.50) 
3.25 
(0.50) 
3.00 
( 0. 62 ) 
2.75 
(0.50) 
3.75 
( 0. 96) 
Odour 
VP 
2.25 
(0.50) 
2.25 
(0.50) 
2.00 
(0.00) 
2.50 
(0.56) 
2.75 
(0.50) 
2.25 
(0.50) 
3.25 
( 0. 50) 
NVP 
2.50 
( 0. 56) 
2.50 
(0.56) 
2.00 
(0.00) 
2.50 
( 0. 56) 
2.75 
(0.50) 
2.do 
(0.00) 
3.25 
(0.50) 
Saltiness 
VP 
2.50 
(0.56) 
2.75 
(0.96) 
2.25 
(0.96) 
2.75 
( 0. 96) 
2.50 
(0.56) 
2.50 
( 1 • DO ) 
3.00 
(0.62) 
NVP 
2.50 
(0.56) 
2.50 
(0.56) 
2.50 
(0.56) 
3.00 
(0,62) 
3.00 
(1.41) 
2.75 
(0.50) 
3.00 
(0.00) 
1) Mean scores of four panellists. Figures in brackets are standard deviations. 
Rancidity 
VP 
1.00 
( 1. 00) 
1.50 
(0.56) 
1 .oo 
(0.00) 
1 • 25 
(0;;50) 
1.00 
(0.00) 
1. 25 
( 0. 50) 
1.50 
(0.56) 
NVP 
1 • 50 
( 1 • DO) 
1.00 
(0.00) 
1.25 
(0.50) 
1 • 50 
(0.56) 
1 • 50 
( 1 • DO) 
1.25 
(0.50) 
1. 75 
(0.96) 
2) Scor~s range of 1-5 wherel al colour (degree of browness, high scores represent darker colour) 
1 ; pale brown, 5; dark brown; b) surface texture (by thumb pressure), 1 ; very soft, 5; hard; 
c) odour, 1 ; noc odour, 5 ; strong odour; d) saltiness, 1 ; lacks salt, 5 ; very salty; 
General 
Fish flavour 
VP 
1. 75 
(0.96) 
2.50 
(0.56) 
2.75 
(0.50) 
2.50 
( 1 • 29 ) 
2.50 
(0.58) 
2.50 
(0.58) 
2.5 
(0.56) 
NVP 
2.00 
( 0.00) 
2.25 
(0.96) 
2. 75 
(0.50) 
2. 75 
(0.96) 
2. 75 
(0.50) 
2.75 
(0.50) 
3. 50 
( 1 • DO) 
e) rancidity (whether there is pronounced rancidity in the product) 1 ; not rancid, 5 ; extremely rancid; 
f) general fish flavour, 1 ; no fishy flavour, 5 ; strong fishy flavour. 
. 
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Table-26· The significance of washing on the sensory parameters of cooked fish balls 
Values of Student's t and levels of significance of difference in scores (at 0 to 91 days) 
for unwashed versus washed samples. 
V 1 f d 1 1 f . "f" (1) a ues o t an eve s o s1gn1 1cance 1V = 6 degrees of freedom Sensory parameter 
and packaging Not significant 
7 0.05 . 
Probably significant 
...:. 0-05-0.01 
Significant 
...:. 0.01-0.001 
Highly significant 
...::; 0. 001 
Colour 
VP 
NVP 
Surface texture 
VP 
NVP 
Odour 
VP 
NVP 
Saltiness 
VP 
NVP 
Rancidity 
VP 
NVP 
Gen. fish flavour 
VP 
NVP 
4.96 
3.29 
1) Levels of significance and degrees of freedom from Murdoch and Barnes· (1974). 
9.94 
1 5. 13 
7. 1 8 
7.86 
9.97 
7. 1 3 
• 
6. 33 
5.20 
1 8. 04 
6. 34 
...., 
Table-27 The significance of packaging method on the sensory parameters of cooked fish balls 
Values of t and levels of significance of differences in scores (at 0 to 91 days) for 
vacuum packed versus non-vacuum packed samples. 
Sensory parameter 
and washing treatment 
Colour 
Unwashed 
Washed 
Surface texture 
Unwashed 
Washed 
Odour 
Unwashed 
Washed 
Saltiness 
Unwashed 
Washed 
Rancidity 
Unwashed 
Washed 
Gen. fish flavour 
Unwashed 
Washed 
- . . ( 1 ) Values of t and levels of s1gn1f1cance ~ = 6 degrees of freedom 
Not significant 
> 0.05 
0.46 
0.32 
0.46 
0.65 
0.25 
0.47 
1.46 
0.74 
1. 70 
Probably significant 
~ 0.05-0.01 
2.24 
Significant 
""'o,o1-o.oo1 
Highly significant 
""'0.001 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
...... 
·· .. 
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with those from the unwashed mince ( p ( 0.001). Packaging had no 
significant effect. 
b) Surface texture 
No definite trends were observed in the surface texture over the 
storage period. The unwashed mince samples had a harder texture than 
the washed samples ( p < 0.001). Packaging did not affect the surface 
texture. 
cl Odour 
There was a significantly more intense odour for the unwashed samples 
compared with the washed samples ( p < 0. 001 ) , but no significant changes 
occurred on storage. Packaging did not affect the odour. 
d) Saltiness 
The washed samples were slightly less salty than the unwashed samples 
(p < 0.05). The type of packaging did not affect the _saltiness. 
e) Rancidity 
The unwashed mince fish balls had higher rancidity scores than the 
washed (p <0.001). This is probably due to the haem pigments and kidney 
tissue present in the unwashed samples which can catalyse oxidative rancid-
ity (Raccach and Baker, 1978; Sorensen, 1980). 
f) General fish flavour 
The unwashed mince fish balls had a far stronger flavour than the 
washed mince balls (p( 0.001). for the unwashed mince balls the vacuum 
packed had a stro~gar flavour than the non-vacuumed packed (p<O.OS). 
The overall sensory results for the cooked samples stored at -25°C 
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of packaging had no significant effect on saltiness (see Table 27). 
e) Rancidity 
The results in Tables 24 and 25 and Fig. 15 indicate that over 
the thirteen weeks of storage the rancidity scores increase slightly 
for the unwashed samples. The unwashed fish balls seem to have higher 
rancidity scores compared with the washed samples. 
The Student's t test indicate a_ highly significant difference 
( p .L 0.001) between the unwashed and washed fish balls,. both vacuum packed 
and non-vacuum packed. This is probably due to the fact that with the 
unwashed samples, blood, haem pigments, kidney tissues are still present 
which catalyse oxidative rancidity (Raccach and Baker, 1978; Sorenson, 
1980). Washing the mince has leached out these catalysts and hence the 
washed fish balls were more stable and less susceptible to rancidity. 
Packaging had no significant effect on either the unwashed or washed 
mince fish balls. 
f) General fish flavour 
No definite trend with time of storage for the unwashed samples 
vacuum packed and non-vacuum packed can be observed however, the washed 
samples tend to higher fish flavour scores on storage. There is a 
marked difference on the general fish flavour of unwashed and washed 
fish balls the unwashed having .stronger flavour than the washed fish 
balls. The Student's t test indicate a high significant difference 
( p..L0.001) between the unwashed and washed samples. For the unwashed 
fish balls the effect of packaging is probably significant (p..0::.0.05), 
the vacuum packed samples having the stronger fish flavour. 
a The overall sensory results for the cooked samples stored at -25 C 
,- 121 -
are similar to those for the cooked samples stored at 4°C, i.e. washed 
fish balls have lighter colour, softer texture and less odour than the 
unwashed. As previously found for the chilled stored fish balls, the 
odour difference for the cooked sample is more distinct than far.the 
uncooked samples. Saltiness shows little variation between unwashed 
and washed. Rancidity seems to develop more rapidly in the unwashed 
mince fish balls. The greater fish flavour was more intense for the 
unwashed compared with the washed. 
As indicated above for the chilled stored fish balls the results 
clearly indicate that the two types of product (unwashed and washed) can 
be readily distinguished. Whether this affects the overall acceptability 
of the product needs to. be assessed separately with the appropriate 
consumer taste panel, as discussed above at the end of Section 4.3.4.2. 
4.3.5 General discussion of the effects of storage 
Microbiologically the fish ball samples are affected differently by 
chilled and frozen storage. During the chilled storage the total viable 
counts (TVC) increased until the ICMSf limit is reached at 14 days. 
This provides the limit to the storage time. On the frozen storage the 
TVC decreased up to three (3) months and hence storage life is not 
affected by microbiological limits. 
On comparing the effects of the sensory parameters of chilled 
storage with those of frozen storage it is seen that the frozen storage 
affects the sensory parameters more, particularly for uncooked odour 
and cooked surface texture and odour. This is seen in Table 28 where 
the sensory scores at 14 days chilled.storage (the limit microbiologically) 
and 91 days frozen storage are compared with the initial values. The 
increased odour and surface texture scores on frozen storage may be 
significant in consumer acceptability, but this needs to be assessed 
with the appropriate consumer panels. However the changes that occur 
on storage, even the frozen storage, are relatively small compared with 
the effect of washing as discussed above •. 
Table iB Initial sensory scores compared with sensorv scores at 14 davs chilled storage and 91 days storage 
for unwashed and washed mince fish balls( 1) 
Samples 
Uncooked 
Cooked 
1) The data 
Sensory parameters 
Colour 
Surface texture 
Odour 
·colour 
Surface texture 
Odour 
Sal tines a 
Rancidity 
Gen. fish flavour 
in the table are taken from 
increase by 0.75, 
increase by 1.00 or more, 
Unwashed 
Washed 
Unwashed 
Washed 
Unwashed 
Washed 
Unwashed 
Washed 
Unwashed 
Washed 
Unwashed 
Washed 
Unwashed 
\-lashed 
Unwashed 
Washed 
Unwashed 
Washed 
Initial 
VP NVP 
4.00 
2.00 
3.00 
2.50 
2.50 
2.50 
3.50 
2.25 
3.SD 
2.50 
4.00 
2.25 
2.75 
2.50 
1 • 50 
1.50 
4.00 
1. 75 
4.25 
1. 75 
3.50 
2.25 
2.50 
2 •. 50 
3.75 
2.50 
3.75 
2.75 
4 .DO 
2.50 
3.50 
2.50 
1.50 
1 • 50 
4.00 
2.00 
14 days 
VP 
3.75 
~ 
3.25 
2.00 
3.25 
.£ • .Q.O_ 
~ 
2.25 
3. 50 
2.25 
4.25 
2.00 
3.25 
3.00 
2.50 
1. 75 
3.75 
2.25 
previous tables. Major 
______ decrease 
______ decrease 
trends are indicated: 
by 0.75 
by 1.00 or more. 
3.50 
---1. 25 
3.00 
2.25 
2.& 
2.00 
2.75 
2.50 
4.00 
2.25 
3.00 
2.50 
bQ 
1 • 50 
2·.£5_ 
2.00 
91 days 
VP 
3.75 
2.50 
3.50 
2.25 
2.& 
3.25 
3.50 
2.75 
~ 
3.75 
4.25 
3.25 
.L..2Q. 
3.00 
2.00 
1. 50 
3.75 
2.50 
4.25 
2.25 
3.50 
2.25 
4.25 
3.75 
:i...QQ_ 
3.25 
3.00 
3.00 
2.50 
1. 75 
4.25 
3.50 
= 
,... 
N 
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4.4. Fish sausage formulation and evaluction 
4.4. 1 Formulation 
A sausage type product was formulated as this kind of product is 
acceptable in both developed and developing countries, e.g. U.K. and 
the Philippines. 
The formulations used in the experiment were based on a standard 
British pork sausage. The ingredients used in the formulations were: 
unwashed and washed sprat mince, pork, soya protein, rusk, water/ice, 
seasoning mixture and a permitted colouring matter, Red 2G (see Section 
3.1). The colouring matter was added to simulate the colour of the 
standard reference sample, a 65% total meat pork sausage, because the 
unwashed mince sausage was initially too dark, whilst the washed mince 
sausage was quite pale. 
Several different levels were tested starting from a minimum level 
of 5% (i.e. 5% mince and 60% pork meat) up to 50% (i.e. 50% mince and 
15~ pork meat). Some of the products obtained can be seen in Plate 4. 
Sensory evaluation of the different products was carried out and 
panellists were generally of the opinion that the maximum acceptable 
level of incorporation of sprat mince into this kind of fish sausage 
was about 30-35%. Incorporation of high levels of sprat mince produced 
products which the panellists found unpleasant to taste particularly 
for the unwashed mince products. Much higher levels of incorporation 
of white fish into sausages have been reported (Mclay, 1970), however 
the white fish flesh imparts little if any flavour and can therefore 
be incorporated at much higher levels without making the products 
unacceptable. 
Sausages with 30% incorporation of mince, both unwashed and washed, 
were therefore used throughout the remainder of the investigation. The 
products were divided into two batches and packaged in polythene (non-
vacuum packed). One batch was stored at chilled temperature,4°C up to 14 
- 124 -
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days, while the other batch at frozen temperature, -18°C up to 70 days. 
Periodic microbiological, sensory and peroxide value assessments, of 
the products were made. 
4.4.2 Proximate analysis 
The results of the proximate analysis of the sausage products are 
given in Table 29, for the unwashed mince sausages (30% incorporation) 
washed mince sausages (JD% incorporation) and all pork sausages that 
a a 
were subsequently stored at 4 C and -18 C. 
The unwashed mince sausage showed higher protein, lipid, ash 
and lower moisture compared with washed mine~ sausage. This reflects 
the composition of the mince used (see Section 4.2.3.1 ). On comparing 
the mince sausage with the standard reference (all pork) it is seen 
that the mince sausages have higher protein, moisture and ash, but a 
lower lipid content. The calorific values of the sausages mainly 
reflect the lipid content, i.e. all pork greater than unwashed mince 
.greater than washed mince sausage. 
The cooking loss results in Table 29 indicate that washed mince 
sausages have greater cooking losses than the unwashed mince and all 
pork sausage indicating a less stable meat emulsion system. However, 
the total cooking losses (lipid and moisture) of all three products 
are within the normal range of cooking losses for standard pork 
sausages, i.e. 10-30% (Knowles, 1982). .. •'' 
4.4.3 Chilled storage 
The sausage products were stored in a refrigerator at 4°C. 
Microbiological assessment, sensory evaluation and peroxide value 
determination of the samples were made over a period of 14 days. 
• 
Table 29 Proximate analysis and cooking losses for formulated sausages 
Sample 
Unwashed mince sausage 
composition 
Cooking loss 
Washed mince sausage 
composition 
Cooking loss 
All pork sausage 
composition 
Cooking loss 
Crude 
protein 
16.8 
( 0. 1 ) 
13.3 
( 0 • 1 ) 
10.8 
( 0. 1 ) 
Lipid 
13.3 
(0.2) 
0. 1 B 
10.2 
( 0 .1) 
0.21 
21.2 
(0.6) 
0.12 
( 1 ) 
Mean percentages 
Moisture 
54 
(0.2) 
11.98 
58 
( 0. 3) 
24.07 
48 
( 0. 3) 
15.71 
Ash 
2.2 
( 0. 1 ) 
1.91 
( 0. 6 ) 
1 • 7.7 
( 0. 1 ) 
1) Mean of four determinations. Figures in brackets are standard deviations. 
Carbohydrate 
(by difference) 
13.7 
16.6 
18.2 
2) Calculated values using factors of 9 kcal/g for lipid, 4 kcal/g for protein and 4 kcal/g for 
carbohydrate (Davidson .tl .f!!., 1979). 
C l "f" (2) a or~ 1c 
values 
kcal/100g 
242 
211 
307 
N 
"' 
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4.4.3.1 Micrcbialogica1 assessment 
The microbiological results given in Table 30 indicate no 
significant difference in TVCs between the unwashed and washed mince 
sausages, but significantly lower values for the ·all pork sausage, 
for both 25°C and 37°C incubations. In each case the TVCs were found 
to increase from 0 to 14 days. Psychrotrophs appear to predominate 
as shown by the more rapid increase at 25°C than 37°C. Potential 
health hazard organisms, coagulase positive Staohlococci were not 
present in the samples. 
. 6 The ICMSFs (1978) limit for comminuted fish product 1s 10 
organism par gram at 25°C (see Section 2.5.2.3). Both the unwashed 
and washed mince sausages reached this limit at about 7 days, whereas 
the all pork was still bela~ the limit. All the samples however were 
above the standard limit at 14 days. 
4.4.3 .. 2 Sensory evaluation and peroxide value determination 
A. Uncooked sausages 
Table 31 and Fig. 16 give the results of the sensory evaluation 
of the uncooked unwashed mince, washed mince and all pork sausages 
stored at 4°C for a period of 14 days. The sensory parameters 
evaluated were: colour, texture and odour. Table 32 indicates the 
significances of the washing treatment and comparison with the standard 
reference (all pork) in relation to the sensory parameters. Table 33 
and Fig. ·17 give the results of the peroxide value determination. 
a) Colour 
Photographs of uncooked saus~ges are shown in Plate 5. It is 
see~in Table 31 and Fig. 16 that only small changes occur during the 
Table 30 
Storage 
Days 
0 
7 
14 
0 Microbiological assessment of satJsages stored at 4 C 
time Total Visible Counts per gram of 
25°C 
Unwashed Washed All Pork Unwashed 
4.5x10 5 3.5x10 5 3.Bx10 4 3.5x10 4 
1.1x10 6 1 .Ox1D 
6 2.5x10 5 2.9x10 5 
5.7x10 7 4.3x10 7 3.2x1D 
6 5.5x10 6 
sample Coagulase 
37°C positive 
Washed All Pork StaQhl,!lo~;o£ci 
4 3 3.2x10 4.4x10 -ve 
5 4 2.5x10 2.3x10 -ve 
6 6 5.3x10 5.3x10 -ve 
'" CD 
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Table 31 Summary of mean sensory scores for uncooked sauscces 
Storage time Mean score (5 point . ) ( 2 ) SCBJ..8 
Days Colour Texture Odour 
Unwashed mince sausages 
0 3.8 2.0 3.0 
( 0. 84) ( 1.00) (0.71) 
7 4.2 3.8 3.8 
(0.45) ( 0. 84) (0.84) 
14 4.4 3.2 4.0 
(0.55) (0.44) (1.41) 
Washed mince sausages 
0 2.6 2.2 2.0 
(0.55) (0.45) (0.00) 
7 2.6 2.0 1.8 
(0.55) (0.71) ( 0. 84) 
14 3.0 2.6 3.2 
(0.71) (0.89) ( 1. 00) 
All pork sausages 
0 1 • 0 2.3 1.0 
(0.00) (0.84) ( 1 • DO) 
7 1.6 1.6 2.0 
(0.55) (0.89) (0.00) 
14 1.4 1.2 2.0 
(0.55) (0.45) (0.71) 
1) Mean scores of seven panellists. Figures in brackets are 
standard deviations. 
2) Scores range from 1-5 where: a) colour (degree of darkening, 
higher scores represent darker colour), 1 =pale, 5 =dark; 
b) texture (smooth particle size to coarse particle size) 
1 = smooth, 5 = coarse; c) odour, 1 = no odour, 5. = strong odour. 
a 
' 
Fig. 16 
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" 
Variation in sensory parameters for uncooked sausage 
stored at 4°C. 
e e Unwashed mince sausage; o---<) Wash eO mince sausage; 
(}-----tJ All pork sausage. 
Table 32 0 The significance of washing on the sensory parameters of uncooked sausages stored at 4 C. 
Valu~s of Students t and levels of significance 
( 1 ) 
all pork sausages. 
of differences in scores (at 0, 7 and 14 days) 
for unwashed, washed and 
Values oft and levels of significance( 1 ) ;I = 2 degrees of freedom 
Parameter Not significant Probably significant Significant 
7 0.05 ~ 0.05-0.01 ~ 0.01-0.001 
Colour 
Unwashed vs. Washed 8.98 
Unwashed vs. All pork 15.64 
\·lashed vs. All pork 8.98 
Texture 
Unwashed vs. Washed 2.66 
Unwashed vs. All pork 3.04 
Washed vs. All pork 2.26 
Odour 
Unwashed vs. Washed 3.38 
Unwashed vs. All pork 5.97 
Washed vs. All pork 1. 71 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
Highly significant 
...: 0.001 
w 
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W/ 30;1. UNWASHED MINCED SPRATS 
UNCOOKED 
UNWASHED 
e) Un washed m1n c e sausages 
_ FISH SAUSAGES 
/ 30:1. WASHED MINCED SPRATS 
UNCOOKED 
, b) ~ashed 11ince sausages 
Plate 5 Uncooked sausages 
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SAUSAGES 
-
UNCOOKED 
ALL-PORK 
c) All pork sausages 
Plete 5 Uncooked sauseaes 
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storage period. However, the sausages made with washed mince have 
lighter colour compared with those made with unwashed mince. The 
all pork sausage has the lightest colour among the three samples 
studied. The Student's t tests indicate· that colour difference is 
signif-icant ( p 0.01) for the unwashed mince versus washed mince 
sprat, unwashed versus ·all pork and washed versus all pork. 
b) Texture 
No definite trends against time could be observed on the texture 
of the sausages over the storage period. The unwashed mince sausage 
had a coarser particle size than the washed mince and all pork sausages •. 
The difference in the texture between the unwashed mince and washed 
mince sausages is possibly due to the washing and pressing process 
breaking down the particles irr the mince. The Student's t test 
results in Table 32- indicate a probably significant difference ( P4 0.05) 
between the unwashed and washed mince sausage and uiTWashed mince and 
all pork. On comparing the texture of washed mince sausage and all 
pork, no significant difference (p:>'D.OS) was obtained. 
c) Odour 
The odour scores of the unwashed, washed minces and all pork 
sausages showed an increasing trend over the storage period as indic-
ated ir> Table 31 and Fig. 16. The Student's t test in; Table 32 
indicate that the difference in odour for unwashed and washed is 
probably significant (p40.05), whilst the odour of the unwashed minces 
and all pork highly significant (p~ 0.001) whilst the odour of the washed 
mince sausage versus the all pork sausage is not significant (p;:>O.OS). 
d) Peroxide values 
Since the odour scores increased during the storage time, and 
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since fish lipids are very prone to.lipid autoxidation, peroxide 
values were used to assess if oxidative rancidity was developing 
during storage. The results are given in Table 33 and Fig. ~7. The 
peroxide values can be seen to increase for all 3 samples, with the 
unwashed having higher values than the washed and all pork. This is 
the expected order since washing is known to remove pro-oxidant 
compounds and lipid (see Section 4.2.3). Rancidity is thought to be 
noticeable in food products at levels between 20 and 40 mEq/kg 
(Pearson, 1976). This is reached more rapidly for the minced fish 
products but all three products have peroxide values above 20 mEq/kg 
by day 14. 
The overall results on the uncooked samples stored at 4°C 
therefore indicate that the mince sausage products are found to be 
significantly different to the all pork sausage and also the washing 
of the fish mince has a significant effect on the three sensory 
parameters evaluated. How these results relate to the overall consumer 
acceptability of the products (which are normally sold uncooked) needs 
to be assessed separately with the appropriate consumer taste panels. 
Mic~obiological quality seems to. be the limiting factor in the storage 
of sausages rather than the changes in sensory parameters, although 
the odour scores increase markedly over the storage period and the 
peroxide values obtained indica~e that rancidity may be significant 
after 7 days storage for the mince sausages. 
B. Cooked. sausages 
Table· 34 and Figs •. 18 and 19 give the results of the sensory 
evaluation of the cooked unwashed mince, washed mince and all pork 
sausages which were stored at 4°C for up to 14 days. The sensory 
Table 33 
Storage 
Days 
0 
7 
14 
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0 ( 1 ) 
Peroxide valuesof uncooked sausages sto=ed at 4 C 
time Peroxide values mEq/kg 
Unwashed lvashed All Pork 
2.45 2.20 0.66 
17.50 14·. 32 9.53 
26.20 23.52 21 • 93 
1) Means of three determinations. 
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Table 34 Summary of mean sensory scores for cooked sausages previously stored at 4°C( 1 ) 
Storage time 
Days 
0 
7 
14 
0 
7 
14 
0 
7 
14 
Colour 
4.4 
(0.69) 
4.2 
(0.45) 
4.4 
(0.55) 
2.6 
(0.64) 
2.4 
(0.55) 
3.0 
(0.71) 
1.2 
(0.45) 
1.6 
(0.64) 
1.4 
(0.55) 
Texture 
2.4 
(0.55) 
2.6 
( 1. 34) 
3.6 
(1.141 
2.0 
(0.00) 
2.0 
(0.711 
3.0 
(0.71) 
2.5 
(0.60) 
1.6 
(0.55) 
1 • 4 
(0.35) 
( 2) 
Mean score (5 point scale) 
Odour General Fish Flavour 
Unwashed mince sausages 
3.4 
(0.69) 
3.6 
(1.14) 
4.0 
( 1.23) 
Washed mince sausages 
2.6 
( 0. 54 ) 
2.4 
( 0. 54 ) 
2.6 
(0.5S) 
All pork sausages 
1.6 
(0.45) 
2. 0 . 
(0.71) 
1 • 6 
( 0. 64) 
3.4 
( 1 • DO) 
3.4 
( 1 • 34) 
3.6 
( 1 • 30) 
2.4 
(0.55) 
1 • 4 
(0.54) 
2.6 
(0.45) 
1.0 
(0.00) 
2.0 
(0.71) 
1 • 0 
( 0. 64 ) 
1) Mean score of seven panellists, figures in brackets are standard deviations. 
Rancidity 
2.0 
( 1 • DO) 
2.6 
(1.141 
3.4 
( 1 • 34) 
1.4 
(0.55) 
2.0 
( 1 • DO ) 
3.0 
(1.41) 
1.0 
(0.00) 
1.0 
(0.00) 
1 • 4 
(0.55) 
2) Scores range from 1-5 where: al colour (degree of browness, higher scores represent darker colour) 1 = pale brown, 
5 =dark brown; b) texture (smooth particle size to coarse particle size) 1 =smooth, 5 = coarse; cl odour, 1 =no 
odour, 2 = strong odour; d) general fish flavour 1 = no fishy flavour, 5 = strong fishy flavour; e) rancidity 
1 = not rancid, 5 = extremely rancid. 
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parameters evaluated were: colour, texture, odour, general fish 
flavour and rancidity. Table 35 indicates the significance of the 
washing treatment and comparison with the standard reference {all 
pork) in relation to the sensory parameters. 
a) Colour 
Photographs of cooked sa~ples .are shown in Plate 6. The results 
given in Table 34 and Fig. _18 indicate no significant trend in colour 
for the cooked samples over the 14 days storage period. ihe sausages 
made with washed mince were lighter when compared with those made from 
unwashed, whilst the all pork samples exhibited the lightest colour. 
The Student's t tests indicate that the difference in colour is 
significant (p~0.01) for the unwashed and washed mince sausages,· 
highly significant (p4 0.001) for unwashed end all pork, and significent 
(p 0.01) for washed and all pork sausages. 
b) Texture 
The unwashed and washed mince sausages showed an increasing trend 
in the texture scores, i.e. being coarser, while the all pork sausege 
tended to become smoother (see Table 34 and Fig. 18). However the 
Student's t test results indicate no significant difference (p>0.05) 
on the texture of the sausages, i.e. unwashed versus washed, unwashed 
versus all pork and washed versus all pork. 
c) Odour 
Only small changes occur on the odour of the sausage product with 
no definite trends. However the unwashed mince sausage have stronger 
odours than the washed mince sausage and all pork. The Student's t 
test results indicate that the differences on the odour scores of the 
sausages are significant (p...:; 0.01) (see Table 35). 
Table 35 The significance of washing on the sensory parameters of cooked sausages 
Values of Student's t and levels of significance of differences in scores (at 0, 7 and 14 days) 
for unwashed, washed and all pork sausages 
Parameter 
Colour 
Unwashed vs. washed 
Unwashed vs. All pork 
Washed vs. All pork 
Texture 
Unwashed vs. Washed 
·Unwashed vs. All pork 
Washed vs. All pork 
Odour 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Gen. Fish Flavour 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Rancidity 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
V 1 f t d 1 1 f . "f" (1) a ues o an eve s o s1gn1 1cance Y = 2 degrees of freedom 
Not significant 
7 0.05 
1.53 
2.91 
1.47 
2.32 
1.23 
Probably significant 
... 0.05-0.01 
4.80 
5.66 
3.33 
5 .igni f i cant 
~0.01-0.001 
12.60 
7.04 
8.96 
14. 17 
9.53 
9. 29 
Highly significant 
40.001 
22.52 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
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d) General fish flavour 
. No definite trends are observed in the general fish flavour 
scores of the sausages, however the unwashed mince sausage has a 
stronger fish flavour than the unwashed mince sausage (see Table 34 
and Fig;_19). The difference in general fish flavour between the 
unwashed and washed mince sausage is probably significant (p~ 0.05), 
significant for unwashed mince sausage and all pork whilst not 
significant (p,O.OS) for the washed mince and all pork sausages (see 
Table 35). 
e) Rancidity 
It is seen from Table 34 and Fig. 19 that there is a significant 
trend in the development of rancidity in the sausage products. All 
the samples showed an increasing tendency towards rancidity over the 
14 days of storage. The order of rancidity is unwashed mince sausage 
greater than washed mince sausage greater than all pork sausage. This 
trend in sensory panel scores reflects the peroxide values obtained 
on the uncooked sausage products as seen in Fig. 19. 
The sensory results for the cooked samples for the colour, texture 
and odour reflect those of the uncooked sample, i.e. washed have 
lighter colour, smoother texture and less odour than unwashed. The 
odour difference is more distinct for the cooked, particularly during 
the early stages of storage. The general fish flavour is more intense 
for the unwashed compared with the washed and rancidity seemsto develop 
more rapidly in the unwashed. 
The results clearly indicate that the two types of product 
(unwashed ~nd washed) ·can ·readily be distinguished. Whether this 
affects the overall acceptability of the product needs to be assessed 
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separately with the appropriate consumer taste panels. In particular 
the intensity of the general fish flavour may be considered a favour-
able or unfavourable feature by different consumer panels and even 
slight rancidity development may be considered favourable by same 
·consumers. 
4.4.4 Frozen storage 
The sausage products were stared in a freezer at -18°C. Micra-
biological assessment, sensory evaluation and peroxide value determin-
ations were carried aut up ta 70 days af storage. 
4.4.4.1 Microbiological assessment 
The results af the microbiological assessment af the sausages 
a 
stared at -18 C are given in Table 36. A decline in the number af 
micra-organisms due ta the effect af law temperature was observed. 
Na significant differences in the TVCs between the unwashed and washed 
sausages were found. However, the TVCs af the all park sausages were 
significantly lower throughout the storage period. 
The TVCs af all three samples were below the ICMSF limit far 
6 
comminuted products of 10 organisms per gram throughout the storage 
period (ICMSF, 1978) and the samples were found to be free from coagulase 
positive Staphylococci. 
4. 4 • 4 .2 Sensory evaluation and peroxide value determination 
A.- Uncooked sausages 
Tables 37, 38 and 39 and Fig. 20 give the results of the sensory 
evaluation of the uncooked unwashed sprat min~e, washed sprat mince 
0 
and all pork sausages stored at -18 C up to 70 days. The sensory 
parameters evaluated were: colour, texture and odour. Table 40 
0 Table 36 Microbiological asoessment of sausages stored at -18 C 
Storage time Total Viable Coun·ts per gram of sample Coagulase 
25°C 37°C positive 
Days Unwashed Washed All Pork Unwashed Washed All Pork StaQh~lor;or;~;i 
5 5 4 4 .4 3 0 4.5x10 3.5x10 3.8x10 3.5x10 3.2x10 4. 4x 1 0 -ve 
4 4 3 3 
x103 2 7 5.4x10 4.Bx10 4.5x10 5.2x10 5 4. 8x 1 0 -ve 
4 4 3 3 
x10 3 2 14 5.2x10 4.6x10 5 .4x10 4.3x10 4 4.7x10 -ve 
5 x103 3 x102 2 2 02 21 4.5x10 5 5.3x10 4.8x10 4. 3x1 -ve 
28 4.8x1D3 x10 3 2 2 2 2 4 4.5x10 5.3x10 4.6x10 3. 9x 1 0 -ve 
35 3 3 x102 2 2 2 4.5x10 3.9x10 4 4.Bx10 4 .2x10 3.5x10 -ve 
4.2x10 3 3 2 . 2 2 2 42 3.6x10 3.6x10 4. 6x 10 3 .8x10 3.3x10 · 
-v" 
2 2 3.2x10 2 2 2 2 "' ..... 49 3.8x10 3.2x10 3.7x10 3.5x10 3.4x10 -ve 
56 2 2 1 2 2 2 3.4x10 2.7x10 2.8x10 3.5x10 3.3x10 2.7x10 -ve 
63 3.4x1D 2 2 1 2 2 1 2.6x10 2.6x10 3.3x10 3.6x10 2. 5x1D -ve 
2 2 1 2 2 1 70 2. Bx 10 2.4x10 2.4x10 2.9x1D 2.5x10 2. 3x1D -ve 
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Table 37 SummarY of me~n sensory scores far uncooked unwashed mince 
sausages 
Storage ( 5 point ( 2 ) time r·lean score scale) 
Days Colour Texture Odour 
0 3.8 2.0 3.0 
(0.84) ( 1 • 00) (0.71) 
7 4.2 2.8 3.<1 
(0.45) (1.31) ( 1. 34) 
14 4.4 3.0 2.8 
(0.55) ( 0. 71 ) ( 1. 30) 
21 4.5 3.2 3.7 
(0.55) (0.75) ( 1 . OJ) 
28 4.0 3. 0 4.0 
(0.00) ( 0. 00) (0.82) 
35 4.2 2.8 3.4 
(0.45) (0.8<1) ( 1. 34) 
42 4.3 2.9 3.3 
(0.76) ( 1.07) (1.25) 
49 4.0 2.6 3.6 
(0.58) ( 0. 98) (0.98) 
56 4. 1 2.9 3.9 
(0.38) ( 1 . 20) (0.96) 
63 3.6 2.7 3.7 
( 1.13) ( 1. 25) (1.11) 
70 4.0 2.9 3.6 
(0.82) ( 1 • 22) ( 1 • 00) 
1 ) r-1eari scores of seven panellists. Figures in brackets are 
standard deviations. 
2) Scores range from 1-5 where: a) colour (degree of da=kening, 
higher scores represent darker colour), 1 =pale, 5 =dark; 
b) texture (smooth particle size to coarse particle size) 
1 = smooth, 5 = coarse; c) odour, 1 = no odour, 5 = strong odour. 
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Table 38 Summary of mean sensory scares for uncooked washed 
0 ( 1 ) 
mince sausages stored at -18 C 
Storage time ( 2) Mean score (5 point scale) 
Days 
0 
7 
14 
21 
28 
35 
42 
49 
56 
63 
70 
Colour 
2.6 
(0.55) 
3.0 
(0.00) 
3.0 
(0.71) 
3.5 
(0.55) 
3.0 
(0.00) 
3.2 
(D. 40) 
3.3 
(0.49) 
2.9 
(0.69) 
3. 1 
(0.58) 
3.0 
(0.58) 
2.9 
(0.69) 
Texture 
2.2 
(0.45) 
2.6 
(1.14) 
2.6 
(0.55) 
3.2 
(0.98) 
2.3 
(0.50) 
2.4 
(0.55) 
2.6 
(0.77) 
2.3 
( 0. 76) 
2.4 
( 0. 79) 
2.4 
(0.98) 
2.4 
(0.79) 
Odour 
2.0 
(0.00) 
2.2 
( 1 • 30) 
2.2 
(0.54) 
2.a 
(0.75) 
2.5 
(0.58) 
2.6 
(1.14) 
2.6 
(0.79) 
2.6 
(0.98) 
3.0 
(0.82) 
2.6 
( 0. 79 ) 
2.6 
( 1 • DO) 
1) Mean scores of seven panellists. Figures in brackets are 
standard deviations. 
2) Scores range from 1-5 where: a) colour (degree of darkening, 
higher scores represent darker colour), 1 =pale, 5 =dark; 
b) texture (smooth particle size to coarse particle size) 
1 = smooth, 5 = coarse; c) odour, 1 = no odour, 5 = strong odour. 
- 150-
Table 39 Summary of mean sensorv scares for uncooked, 
Storage 
Days 
0 
7 
14 
21 
28 
35 
42 
49 
56 
63 
70 
0 ( 1 ) 
all cork sausages stored at -18 C 
time Mean score (5. )(2) po~nt scale 
Colour Texture 
1.0 2.3 
(0.00) (0 .84) 
1 . 2 1 • 8 
(0.45) (0.84) 
1.4 1.6 
(0.89) (0.89) 
2.0 2.2 
(0.00) ( 1.33) 
1.0 1.5 
(0.00) ( 1 • DO ) 
1.4 1.4 
(0.55) (0.55) 
1.6 1.9 
(0.54) (0.90) 
11 • 1 1.7 
(0.38) (0.76 
1.6 1.7 
(0.54) (0.49) 
1 • 3 1.6 
(0.49) (0.79) 
1 • 4 1 • 1 
(0.53) (0.38) 
Odour 
1.0 
( 0 .DO) 
1 • 8 
(0.87) 
1 . 4 
(0.55) 
, • 9 
(0.41) 
1.8 
(0.96) 
2.0 
(0.71) 
1 .4 
(0.50) 
1.6 
(0.79) 
2.0 
(0.82) 
1 • 7 
(0.48) 
1.7 
(0.48) 
1) Mean scores of seven panellists. Figures in brackets are 
standard deviations. 
2) Scores range from 1-5 where: a) colour (degree of darkening, higher 
scores represent darker colour) 1 ~pale, 5 ~dark; b) texture 
(smooth particle size to coarse particle size) 1 =smooth, 5_-
coarse; c) odour, 1 = no odour, 5 = strong odour. 
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indicates the significance of the washing treatment and comparison 
with the standard reference, (all pork sausage) in relation to the 
sensory parameters. Table 41 and Fig. 21 give the results of the 
peroxide ·value determinations. 
a) Colour 
Only slight changes occur in colour during the storage period. 
However, the sausages made with washed mince have lighter colour 
compared with those made with unwashed mince. The all pork sausage 
has the lightest colour among the three samples studied (see Table 
37, 38, 39 and Fig. 20). The colour differences in the samples were 
found to be highly significant (p~ 0.001) (see Table 40). 
b) Texture 
No definite trends against time were observed in the texture 
of the sausages over the storage period. The unwashed mince had a 
slightly coarser texture than the washed mince which itself had a 
coarser texture than the all pork sausages. The Student's t test 
results in Table 40 versus washed mince sausage is probably significant 
(p~O.OS) whilst highly significant (p~O.OD1) for the unwashed mince 
versus all pork sausage and washed versus all pork sausage. 
c) Odour 
The odour scores for each of the samples show a small increase 
over the storage period in contrast with the marked increase observed 
0 for the samples stored at 4 C. The odour of the unwashed mince 
sausage is stronger than the washed mince which is stronger than the 
all pork· sausages (see Tables 37, 38 and 39 and Fig •. 201. The Student's 
t tests indicate that the odour-difference of the three samples are in 
each case highly significant (p~D.DD1) (see Table 40). 
Table 40 The significance of washing on the sensory parameters of un~ooked sausages stored at 
Values of Students t and levels of significance 
( 1 ) 
washed and all pork sausages 
of differences in scores (at 0-70 days) for 
unwa~hed, 
Parameter 
Colour 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Texture 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Odour 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Vl ft dl 1 f .. f. (1) a ues o an eve s o s~gn~ ~cance y = 10 deg. of freedom 
Not significant 
.> 0.05 
Probably significant 
...: 0.05-0.01 
3.55 
Significant 
4 0.01-0.001 
Highly significant 
4 0.001 
13.93 
32.46 
21 • 56 
10.99 
8.54 
9.75 
17.95 
9.95 
1) Levels of significance and degrees of freedom from Murdoch and Barnes (1974). 
Ln 
w 
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d) Peroxide values 
The results of the peroxide values determination for the unwashed 
.mince sausages, washed mince sausages and all pork sausages are given 
in Table 41 and Fig. ~1. It is seen that the increase in the peroxide 
values of the frozen sausages is not as rapid as shown by the samples 
stored at 4°C. Hardy (1980) pointed out that the most common method 
of retarding oxidation is storage at low temPeratures, since for 
every 10°C reduction the oxidation rate falls by a factor of 2 to 3. 
The unwashed mince fish sausage gave higher peroxide values than 
the washed mince and both had higher values than the all pork sausage. 
As mentioned in the discussion of peroxide values of sausages stored 
at 4°C (see Section 4.4.4.2) this order of activity is expected. The 
results indicate that rancidity showed not to be noticeable for any of 
the samples, even at 70 days storage. This is in agreement with the 
odour scores given above which show a very small increase over the 
storage period. 
Overall the sensory parameters varied only slightly over the 70 
day period. The odour scores showed very small increases, in agreement 
with the peroxide value results. The results for the uncooked samples 
stored at -1B°C indicate that washing the sprat mince has a significant 
effect on· the three sensory parameters. evaluated. Whether this affects 
the overall consumer acceptability of the product (which is normally 
sold uncooked) needs to be assessed separately with the appropriate 
consumer panels. However the results clearly indicate that the two 
types of product (unwashed and washed) can readily be distinguished. 
The mince sausages can also be readily distinguished from the all pork 
sausages, however, as discussed above, the products were formulated as 
fish sausages and not pork sausage with fish mince as an extender. 
The sausages were found to be microbiologically acceptable up to 70 
days of storage. 
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Table 41 · . a ( 1 ) Perox1de v2lues of uncooked sausaaes s~ored at -18 C 
Storage time Peroxide values mEq/kg 
Days Unwashed Washed All Pork 
0 2.45 2.20 0.66 
7 2.96 2 .45 0.99 
14 3.35 2.71 1.03 
21 3.47 3.25 1 • 3 3 
28 3.51 3.35 1 . 41 
35 3.54 3. 41 1 . 71 
42 3.57 3.45 1. 78 
49 4.40 4.20 1 . 83 
56 4.68 4.40 1.95 
63 5.20 4.90 2.00 
70 6.00 5.20 2.20 
1) Means of three determinations. 
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Ea Cooked sausages 
Tables 42, 4 3 and 44 and Figs. 22 and 23 give the results of the 
sensory evaluation of the cooked unwashed sprat mince sausages and 
washed sprat mince sausages and all pork sausages which were previously 
stored at -18°C for a period of up to 70 days. The sensory parameters 
evaluated were: colour, texture, odour, general fish flavour and 
rancidity. Table 45 indicates the significance of the washing treat-
ment and·comparison with the all pork standard reference in relation 
to the sensory parameters. 
a) Colour 
The results given in Tables 42, 43 and 44 and Fig. 22 indicate 
no significant trend in colour for the cooked samples over the 70 day 
storage period. The washed mince sausage had a lighter colour than 
the unwashed mince sausage throughout the storage period and the all 
pork sausage had the lightest colour. This colour difference is found 
to be highly significant (p~ 0.001) for all the sausage samples 
(Table4sl. 
b) Texture 
No significant trend was observed in the texture of the sausa9es 
although the scores fluctuated over a relatively wide range. The 
unwashed mince sausages and the washed mince sausages did not differ 
significantly in texture (p;> 0.05). However the texture difference 
between unwashed and all pork, and washed and all pork was highly 
sigr>ificant (p4 0.01) (see Table 45). 
- c) Odour 
No definite ~rends were observed in the odour scores of the 
sausages. The slight increase in odours on storage of the uncooked 
Table 42 Summary of mean sensory scores far cooked unwashed mince sausages previously storerl at -1B°C(l) 
Storage time 
Days 
0 
7 
14 
21 
28 
35 
42 
49 
56 
63 
70 
Colour 
4.4 
(0.89) 
4.0 
(0.71) 
3.4 
(0.55) 
4.0 
(0.89) 
3.5 
(0.58) 
3.8 
(0.45) 
3.5 
(0.55) 
4.0 
(0.58) 
3.9 
(0.90) 
4.0 
(0.58) 
3.7 
(0.49) 
Texture 
2.4 
(0.55) 
2.4 
(1.14) 
2.6 
( 1 • 34 ) 
3.3 
(0.52) 
3 .0 
(0.82) 
3.6 
(1.14) 
2.3 
(0.82) 
2.7 
( 1 . 38) 
2.7 
(0.76) 
2.9 
( 1 • 35) 
2.6 
(0.79) 
( 2) 
Mean score (5 point scale) 
Odour General fish Flavour 
3.4 
(0.89) 
3.2 
(0.84) 
3.4 
(0.55) 
3.5 
(0.55) 
3.8 
(0.96) 
4.8 
(1.31) 
3.3 
( 1. 21) 
3.0 
(1.15) 
3.6 
(1.13) 
3.3 
(1.11) 
3.6 
(1.13) 
3.4 
( 1 • DO) 
2.6 
( 1 • 82) 
3.4 
( 0. 89) 
3.5 
( 0. 84) 
4.0 
(1.16) 
4.0 
( 1 • 0) 
4.0 
(0.89) 
3.4 
(0.98) 
3.4 
( 1. 57) 
3.6 
( 0. 79) 
3.4 
(0.79) 
1) Mean scores of seven panellists. Figures in brackets are standard deviations. 
Rancidity 
2.0 
( 1 • DO) 
2.0 
( 1 • DOl 
2.4 
(0.55) 
2.6 
( 1 • 03 ) 
2.5 
( 1 • 0) 
3.6 
(0.89) 
3.3 
(1.37) 
2.6 
(CJ.79) 
3.4 
(1.13) 
2.4 
(0.98) 
2. -, 
( 1. 25) 
2) Scores range from 1-5 where: a) colour (degree of browness, higher scores represent darker colour) 1 = pale brown, 
5 =dark brown; b) texture (smooth particle size to coarse particle size) 1 =smooth, 5 =coarse; c) odour, 1 =no 
odour, 2 = strong odour; d) general fish flavour, 1 = no fishy flavour, 5 = strong fishy flavour; e) rancidity, 
1 = not rancid, 5 = extremely rancid. 
U1 
OJ 
Table 43 Summary of mean sensory scores for cooked washed mince sausages previously stored at 1B 0 c( 1 ) 
Storage time 
Days 
0 
7 
14 
21 
26 
35 
42 
49 
56 
63 
70 
Colour 
2.6 
(0.64) 
3.2 
(0.64) 
2.6 
(0.55) 
3.0 
(0.63) 
2.3 
(0.50) 
3.4 
(0.69) 
2.6 
(0.41) 
3. 1 
(0.90) 
3.0 
(0.56) 
2.9 
(0.69) 
2.7 
(0.49) 
Texture 
2.0 
(0.00) 
2.6 
(0.55) 
2.4 
(0.69) 
3.0 
(0.90) 
2.6 
(0.50) 
3.2 
( 0. 84 ) 
2.8 
(0.75) 
2.4 
(0.79) 
2.4 
(0.79) 
2.6 
( 1.13) 
2.7 
(0.95) 
Mean score (5 point scalel( 2 ) 
Odour 
2.6 
( 0. 54 ) 
2.0 
( 1. 0) 
2.6 
(0.55) 
2.3 
(0.82) 
3.0 
(1.16) 
2.4 
(0.89) 
2.5 
( 0. 84 ) 
2. 1 
(0.90) 
2.9 
(ll.90) 
2.7 
(1.11) 
2.6 
( 0. 54 ) 
General fish flavour 
2.4 
(0.55) 
1.6 
(0.84) 
1.8 . 
(0.84) 
2.0 
(0.89) 
2.8 
(0.50) 
2.6 
W.84) 
2.3 
(0.82) 
2.6 
( 0. 79) 
3.0 
( 1. 0) 
2.7 
( 0. 76) 
2.4 
( 0. 79 ) 
1) Mean scores of seven panellists. figures in brackets are standard deviations. 
1 • 4 
(0.55) 
1.6 
(0.55) 
1.6 
(0.55) 
1.7 
(0.82) 
2.3 
(0.96 
2.2 
(0.45) 
1 • 8 
(0.75) 
2.0 
(0.82) 
3. 1 
( 0. 96) 
2.0 
(1.16) 
1.9 
( 1. 07) 
2) Scores range from 1-5 where: al colour (degree of browness, higher scores represent darker colour) 1 • pale brown, 
5 • dark brown; b) texture (smooth particle size to coarse particle size)·1 • smooth, 5 = coarse; c) odour 1 • no 
odour, 2 • strang odour, d) general fish flavour, 1 • no fishy flavour, 5 = strong fishy flavour, el rancidity, 
1 = not rancid, 5 = extremely rancid. 
U1 
'0 
Table 44 Summary of mean sensory scores for cooked all pork sausages previously stored at -18°C( 1 ) 
Storage time 
Days 
0 
1 
14 
21 
28 
35 
42 
49 
56 
63 
70 
Colour 
1.2 
(0.45) 
2.0 
( 1. 0) 
1.2 
(0.45) 
1.5 
(0.84) 
1.0 
(0.00) 
1.4 
(0.55) 
1.7 
(1.21) 
1.3 
(0.76) 
1. 6 
(0.54) 
1.3 
(0.49) 
1.1 
(0.38) 
Texture 
2.5 
(0.89) 
2.0 
(0.71) 
1.8 
( 0. 84) 
2.0 
(0.63) 
1 • 8 
(0.96) 
1.8 
(0.45) 
1.5 
(0.84) 
1.6 
(0.54) 
2.6 
(0.79) 
2.0 
(0.41) 
1.4 
( 0. 54 ) 
( 2) 
Mean score (5 point scale) 
Odour General fish flavour 
1.8 
(0.45) 
1. 6 
(0.55) 
1.8 
(0.45) 
1.8 
(0.41) 
1 • 5 
(0.58) 
1.6 
(0.56) 
2.3 
(0.52) 
1.4 
(0.54) 
2.0 
(0.58) 
1.6 
( 0. 54) 
1 • 4 
(0.54) 
1.0 
(0.00) 
1.0 
(0.00) 
1.0 
(0.00) 
1.3 
(0.82) 
1.0 
(0.00) 
1.0 
(0.00) 
·1.0 
(0.00) 
1.0 
(0.00) 
1.1 
(0.38) 
1 • 1 
(0.38) 
1 • 1 
(0.38) 
1) Mean scores of seven panellists. Figures in brackets are standard deviations. 
Rancidity 
1.0 
(0.00) 
1 • 0 
(0.00) 
1 • 2 
(0.45) 
1 • 5 
( 0. 84) 
1 • 0 
(0.00) 
1 • 6 
(0.89) 
1.2 
(0.41) 
1 • 0 
(0.00) 
1 • 4 
(0.54) 
1 • 3 
(0.76) 
1 • 4 
(0.79) 
2) Scores r~nge from 1-5 where: a) cololJr (degree of browness, higher scores represent darker colour} 1 = pale brown, 
5 ~ dark brown; b) texture (smooth particle size to coarse particle size) 1 ~ smoth, 5 ; coarse; c) odour 1 ; no 
odour, 2 ; strong odour, d) general fish flavour, 1 ; no fishy flavour, 5 • strong fishy flavour, e) rancidity, 
1 = not rancid, 5 = extremely rancid. 
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Variation in sensory carameters for cooked sausages 
previouslv stored at -1B°C. 
•0.----.111·1' Unwashed mince sausage;. 0'---0 'IJashed mince sausage; 
~ All pork sausage. 
Fig. 22. 
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Variation in sensory parameters for cooked sausages 
previously stored at -18°C. 
··~----~·· Unwashed mince sausage; Q---.0 1.;ashed mince sausage; 
D----0 All _porksausage. _ 
Table 45 The significance of washing on the sensory p~rameters of cooked sausages 
Values of Student's t and l~vels of significance of differences in scores (at 0-70 days) for 
unwashed, washed and all pork sausages 
Vl ft 11 f ... (1) a ues o and eve s o s1gn1f1cance ,) = 10 deg. of freedom 
Parameter 
Colour 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Texture 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Odour 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Gen. Fish Flavour 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Rancidity 
Unwashed vs. Washed 
Unwashed vs. All pork 
Washed vs. All pork 
Not significant 
:> 0.05 
1.26 
Probably significant 
~ 0.05-0.01 
Signi t' icant 
~ 0.01-0.001 
1) Levelo of significance and degrees of freedom from Murdoch and Barnes (1974). 
Highly significant 
.::. 0.001 
10.50 
28.02 
16.58 
7.51 
6.82 
8.67 
16.40 
9.26 
8.90 
32.64 
18.04 
4.78 
12.57 
7.02 
"' w 
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sausages was not similarly observed for the cooked sausage, presumably 
due to loss of volatile odour components during cooking. The unwashed 
mince had stronger odours than the washed mince which were stronger 
than for all pork sausage. The Student's t test results indicate that 
the odour differences of the sausage products is in each case highly 
significant (p.C. 0.01) (see Table 45). 
d) General fish flavour 
No definite trends were observed in the general fish flavour of 
the sausages. Howaver.the unwashed mince sausage had a stronger 
flavour than the washed mince sausage which had· a stronger flavour 
than the all pork sausages (see Tables 42, 43 and 44-and Fig. ·23). 
The Student's t test results indicate that the general fish flavour 
differences of the sausages are in each case highly significant (pL0.001 ). 
e) Rancidity 
The rancidity scores increased slightly but irregularly during 
the storage period, in agreement with the peroxide value results 
obtained for the uncooked sausages. The unwashed mince sausages had 
higher rancidity scores than the washed mince sausages which had 
higher scores than the all pork sausages. The Student's t test 
results indicate that the rancidity differences are in each case 
highly significant (p..::: 0.001). 
0 The sensory results for the cooked samples stored at -18 C, for 
the colour and odour reflect those of the uncooked samples i.e. washed 
have lighter colour, and less odour than the unwashed. No apparent 
difference were observed for the ~exture. The general fish flavour is 
J 
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more intense for the unwashed compared with the washed and rancidity 
seem to develop more rapidly in the unwashed. 
The results clearly indicate that the twa types of mince sausage 
·product (unwashed and washed) can readily be distinguished and can be 
distinguished from the all pork sausage. Whether this affects the 
overall acceptability of the product needs to be assessed separately 
with appropriate consumer taste panels as discussed above at the end 
of Section 4.4.4.2. 
4.4.5 General discussion of the effects of storage 
Microbiologically the sausage samples are affected differently 
by chilled and frozen storage. During the chilled storage the TVCs 
increased until the ICMSF limit was reached at 7 days for the unwashed 
and washed mince sausages, whereas the all pork sausages were still 
below the limit at 14 days storage. This provides the limits to the 
storage time for the chilled mince sausage products. On frozen 
storage the TVCs decreased up to 70 days and hence storage life is 
not limited by microbiological considerations. 
Table 46 compares the initial sensory scores with those at 7 
days for chilled storage (microbiological limit of acceptability) and 
70 days for frozen storage. 
In general only small changes in the fish sausage sensory scores 
occur during chilled or frozen storage except for the texture scores 
from the all pork sausages. However, as noted above, texture scores 
tend to fluctuate over relatively wide ranges during storage possibly 
due to the difficulty in assessing this parameter. Overall the 
changes in sensory scores over the storage periods are far less than 
the differences between the unwashed and washed mince samples and the 
all pork sausage samples. 
-
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Table 46 initial sensor'l s::ores comoared w~th §ensor'l scores at 1 davs 
chilled storaee and 10 davs f=ozen storage for unwashed mince 
sausaae. washed mince sausage. and all oo:-k 
( 1 ) 
sausages 
Sensory 7 days 70 days 
Parameters 
Samples Initial 4°C 0 at at -18 c 
Colour Unwashed 3.8 4.2 4.0 
\•lashed 2.6 2.6 2.9 
All Pork 1.0 1.6 1 • 4 
Texture Unwashed 2.0 3.6 u 
-Uncooked '!lashed 2.2 2.0 2.4 
All Pork 2.3 JA. .1·1 
Odour Unwashed 3.0 3.8 3.6 
\vashed 2.0 1 • B 2.5 
All Pork 1.0 2.0 l.:.I 
Colour Unwashed 4.4 4 .2 ]..]. 
'rlashed 2.8 2.4 2.7 
All Pork 1.2 1 • 8 1 -1 
Texture Unwashed 2.4 2.6 2.6 
1/ashed 2.0 2.0 2.7 
All Pork 2.5 
.1·.§. .1·.! 
Odour Unwashed 3.4 3.6 3.6 
Cooked Washed 2.6 2.4 2.6 
All Pork 1.8 2.0 1.4 
Gen. fish flavour Unwashed 3.4 3.4 3.4 
'llashed 2.4 .1·~ 2.4 
All Pork 1.0 7.U 1.1 
Rancidity Unwashed z.o 2.6 l.J 
Washed 1.4 z.o 1.9 
All Pork 1.0 1 • 0 1 -4 
1) The data in this table are taken from previous tables. 
Major changes are indicated: 
increase by 0.70 ____ decrease by 0.70 
increase by 1.00 or more 
----
decrease by 1 .00 or more 
5. CONCLUSIONS 
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In relation to the aims of the present work as set out in Section 
2.1, the following conclusions can be drawn from this investigation. 
1 . Mince oroduction 
a) The mean yield of the unwashed mince obtained from whole 
uneviscerated raw sprats was 85.5% (based upon the whole weight 
of the fish) compared with 64.3% obtained from cooked sprat. 
However the crude protein retention was almost equal for the two 
processing methods. Lipid loss was higher for the mince from 
cooked fish, presumably due to losses during the cooking precess. 
{Subsequent work was carried out entirely on mince from uncooked 
sprats) • 
b) There was a considerable loss in the crude protein, lipid and 
ash content during the washing of the mince, i.e. about 50% of the 
crude protein was lost and about 60% of the lipid and ash. However 
it should be noted that in this investigation whole fish were used 
which gives exceptionally high yields of mince, due in part to 
inclusion of visceral material with the mince. During washing it is 
likely that much of this visceral material is removed, accounting in 
part for the high losses. Even with these high losses, much of the 
nutritional value of the whole sprat is retained including over 40% 
of the total crude protein. 
c) Although 50\~ of the crude protein was removed by washing, the 
loss of true protein was less i.e. 45%, since a higher proportion of 
the no~-protein nitrogen is lost. 
d) The unwashed and washed mince have similar microbial loads at 
both 25°C and 37°C incubation. The TVCs of both samples were below 
the ICMSF limit. No coagulase positive Staphylococci were found in 
either mince sample and in fact none was found in any mince or mince 
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product samples throughout the investigation. It was observed that 
there was a small but insignificant decrease in the microbial loads 
during washing. 
e) Although washing gives a lighter coloured mince with less of a 
fishy odour and has the aesthetic advantage of removing visceral 
material, there is a definite commercial advantage if consumers are 
willing to accept unwashed mince because of the far lower cost compared 
with the washed mince. This is because of the washing losses and also 
the cost of the washing process. 
2. Fish balls 
a) The unwashed mince fish balls had higher protein, lipid and 
calorific value and lower moisture than the washed mince fish balls. 
This reflects the composition of the mince used. 
b) Chilled stored fish balls (from both unwashed and washed mince) 
were microbiologically acceptable i.e. TVCs below 106 at 25°C (and no 
coagulase positive Staphylococci) up to 14 days. The TVCs of frozen 
stored (-25°C) decreased during the storage period of 91 days from 
about 104 to about 102 • Vacuum packaging had no significant effect. 
c) Relatively small changes in sensory parameters occurred over the 
14 day chilled storage period and 91 day frozen storage period far 
both the unwashed and washed fish balls. The major changes during the 
chilled storage were an increase in the colour and rancid taste for 
cooked unwashed fish balls. The major changes during the frozen storage 
were an increase in the odour for both cooked and uncooked fish balls. 
However there was no corresponding increase in the rancid taste of the 
cooked frozen samples. Vacuum packaging had no significant effect on 
any of"the sensory parameters over ·the storage period. 
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d) The uncooked washed mince fish balls were found to have lighter 
colour, less odour and softer texture than the uncooked unwashed 
mince fish balls throughout the storage periods. The cooked washed 
mince fish balls were found to have lighter colour, less odour 
softer texture and less intense fish flavour than the cooked unwashed 
mince throughout the storage period, and the rancid taste increased 
less rapidly. 
3. Fish sausages 
a) The unwashed mince sausages had higher protein, lipid and 
calorific values and lower moisture compared with the washed mince 
sausages. This reflects the composition of the mince. On comparing 
the mince sausages with the standard reference (all pork) it is seen 
that the mince sausages have higher protein, moisture and ash, but 
lower lipid content. The. calorific values of the sausages mainly 
reflect the lipid content i.e. all pork greater than unwashed mince 
sausages greater than washed mince sausage. 
b) Chilled stored fish sausages (from both unwashed and washed mince) 
and all pork sausages were microbiologically acceptable i.e. TVCs below 
106 at 25°C (and no coagulase positive Staphylococci) up to 7 days. 
The TVCs of frozen stored (-18°C) decreased during the storage period 
of 70 days from about 105 to 10 2 for the unwashed mince sausages and 
washed mince sausages and from about 10 4 to 10 1 for the all pork sausages. 
c) In general only small changes in fish sausage sensory scores 
occurred during chilled and frozen storage for both uncooked and cooked 
samples. 
d) The uncooked unwashed mince sausages were found to have lighter 
colour, less odour and smoother texture than the unwashed mince sausages 
throughout the storage periods. The cooked washed mince-sausages were 
found to have lighter colour, smoother texture, less odour, and le~s 
intense fish flavour than the cooked unwashed mince throughout the 
storage period, and the rancid taste increased less rapidly. 
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e) The peroxide values increased for a1l three samples during 
both chilled and frozen storage, higher values were obtained during 
chilled storage. The unwashed mince fish sausages gave higher 
peroxide values than the washed and both had higher values than the 
all pork sausage. The peroxide values indicated that rancidity may 
be noticeable after 7 days of chilled storage for the fish mince 
sausages. 
Overall this investigation has shown that using a Baader type 
flesh/bone separator.mince can be produced from whole uneviscerated 
sprats that is microbiologically acceptable in both unwashed and 
washed forms. The unwashed and washed mince can be utilised in fish 
balls i.e. in a product as a major ingredient, and also in fish 
sausages, i.e. in a product as a partial substitute for some meat 
protein, and in both cases the products from both the unwashed and 
washed mince.have satisfactory shelf~lives, with respect to micro-
biological acceptability, for both chilled and frozen storage. The 
study also indicated that the washed mince products, when compared 
with the unwashed, had sensory properties that are generally considered 
to be more acceptable to the consumer particularly in developed 
coun-.tries where bland products are favoured. However, the washed mince 
has much higher production costs and this should be taken into consider~ 
ation in consumer testing particularly in developing countries. 
6. SUGGESTIONS FOR FURTHER WORK 
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1. Further investigation of the washing and pressing operation 
should be carried out in order to minimise mince flesh loss. 
2. Microbiological analysis of mince washed with chilled and 
unchilled water should be investigated to determine whether the 
microbial load in the washed mince is affected by the water 
temperature. The effect of adding disinfecting agents, such as 
chlorine, to the wash water should also be investigated. 
3~ In order to investigate further the relationship between total 
losses in nitrogen during mincing and washing and actual losses 
in true protein, determinations of true protein and non-protein 
nitrogen should be .carried out at various stages during process-
ing .. 
4. Further work using mince from cooked sprats should be conducted 
since this material, with a lower lipid content but the same 
crude protein retention as the mince for uncooked sprats, has 
definite potential in some types of pre-cooked fishery products 
e.g. fish cakes. 
5. Consumer acceptability assessment of the products (fish balls 
and fish sausages) needs to be made with appropriate consumer 
taste panels. The lower cost of the unwashed mince products 
woul.d be an important factor to be taken into account in the 
assessment particularly in developing countries. 
6. The techniques developed. in this investigation. s.houid be applied 
to o.tber under-utilised species of small pelagic fish e.g. 
Sardinella etc. 
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Appendix 1a 
TASTE PANEL SCORE SHEET 
Name:. 
Date: 
Name of Product: Fish Balls from minced Sprattus sprattus (uncooked) 
Tick the box above each number, the impression which you think best 
describes the product. 
1. Appearances 
(a) Colour (degree of darkening, high score represents darker colour) 
·o 
D 
D 
D 
pale grey 
D 
0 
0 
0 
2 
0 
0 
D 
0 
3 
0 
D 
D 
D 
4 
(b) Surface texture (by thumb pressure) 
D 
D 
D 
D 
very soft 
D 
D 
0 
0 
2 
soft 
D 
D 
0 
D 
3 
tender 
D 
D 
0 
D 
4 
firm 
0 
0 
0 
0 
5 
dark grey 
D 
D 
D 
D 
5 
hard 
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2. Odour 
D D 0 D D 
D D D D D 
D D 0 D D 
D D D 0 0 
2 3 4 5 
no 
strong 
odour 
odour 
3. Any other comments: 
-----
----
-----
------
--- ~-~-
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Appendix 1b 
TASTE ?ANEL SCORE SHEET 
Name: 
Date: 
Name of Product: Fish Ealls from minced Sorattus scrattus (cooked) 
Tick the box above each number, the impression which you think best 
describes the product. 
1. Appearances 
(a) Colour (degree .of brownness, higher scores represents darker 
colour) 
D 
D 
D 
D 
pale brown 
D 
D 
D 
0 
2 
D 
D 
D 
D 
3 
(b) Surface texture (by thumb pressure) 
D 
D 
D 
D 
very soft 
D 
0 
0 
0 
2 
soft 
D 
D 
0 
D 
3 
tender 
0 
0 
D 
D 
4 
0 
D 
0 
0 
4 
firm 
D 
0 
D 
D 
5 
dark brown 
q 
D 
0 
D 
5 
hard 
--- -~-----------~--------.,.---~----------.---~--·---- --------r-------
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2. OdourD 
D D D 0 
0 0 D D D 
D 0 D 0 D p D 0 0 0 2 0 
no odour strong odour 
3. Taste 
(a) Saltiness 
D D D D D 
D D o: D 0 
D D D D 0 
D D D D 0 
1 2 3 4 5 
lacks salt traces of average moderately very salty 
salt salt salty 
(b) Rancidity (whether there is pronounced rancid taste in 
the flavour of the product) 
D D D D D 
D 0 0 0 D 
0.0000 
0 0 0 w q 
not · 1st- rancid very extremely 
rancid trace of rancid rancid 
rancidity 
- - - -- - -
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3. (c) General fish flavour 
D D 0 D- D 
D D D D D 
D D D D D 
D D 0 D 0 
2 3 4 5 
no fishy strong fishy 
flavour flavour 
4. Any other comments: 
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Appendix 2a 
TASTE PANEL SCORE SHEET 
Name: 
Date:. 
Name of Product: Sausage (uncooked) 
Tick the box above each number, the impressia~ which you think best 
describes the product. 
1. Appearance 
(a) Colour (degree of ~arkaning, higher scares represent darker 
colour) 
DOD DO 
DDDDD 
ODDDD 
DDDDD 
2 3 4 5 
pale dark 
(b) Texture (smooth .particle size to coarse particle size) 
00000 
DOD DO 
DO ODD 
DO ODD 
smooth 
particle 
size 
2 3 4 5 
coarse 
particle 
size 
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2. Odour 
DDDDD 
DDDDD 
DDDDD 
DO DOD 
2 3 4 5 
no odour strong odour 
3. (a) Identify sample PORK 
PORK + FISH· ( unw. ) 
PORK + FISH ( w) 
(b) State order of preference 
Tl __ 1_s_t __ -r __ 2_n_d __ -r __ 3_r_d~ 
4. Any other comments: 
------
-------
------
-------
---------
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Appendix 2b 
TAST~ PANEL SCORE SHEET 
Name: 
Date: 
Name of Product: Sausage (cooked) 
1 • Appearance 
(a) Colour (degree of brownness, higher scores represents darker 
colour) 
DDDDD 
DDDDD 
DDDDD 
DDDDD 
2 3 4 5 
pale brown dark brown 
(b) Texture (smooth particle size to coarse particle size) 
DDDDD 
DDDDD 
DDDDD 
DDDDD 
smooth 
particle 
size 
2 3 4 5 
coarse 
particle 
size 
-- 180 -
2. Odour 
D D D D 0 
D· D D D D 
D D D D D 
D D D D D 
2 3 4 5 
no odour strong odour 
3. (a) General.fish flavour 
0 D D 0 D 
D D 0 0 D 
D 0 D D D 
D D D D D 
2 3 4 5 
no fishy strong fishy 
flavour flavour 
(b) Rancidity (whether there 
flavour of the product) 
is pronounced rancid taste in the 
D D 0 D D 
D D D 0 0 
.0 D D D D 
D D 0 D 0 
2 3 4 5 
not 1st trace rancid very rancid extremely 
rancid of rancidity rancid 
--~ 
----- -~-----
- ---~-
-----------
-----"--
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4. a) Identify samples: 
PORK 
PORK + FISH ( unw.) 
PORK + FISH ( w) 
b) State order of preference 
I 1st 2nd 3rd I 
5. Any other comments: 
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